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[SIS] SONET/SDH h^>X#-ht I P h 

-f¥«, SONETh7>X#-hWtT?»5. 3> 




1 



( 2 

1 

inxmu osi7wttfjn:i^t5Sio 

*y H7-nW>ht, 

OS I 7U-i J r*:7 : )l'\zm'&-?Zm2<D*y hV-fX. 
tT5Hlx7fA. 10 

t. w £ffi&m\zmm-? z> z. t n&-rz> £ t 

HI*913] t5gSi}— HXWtIS, -X>?*yh7 
2f2ft<Z>->;*.7 L A. 

(SONET) h7>7.#-M^-f-VT*-5J:«i:*^S(: 20 
ifjfcJS 2 f2«© ->X t- A. 

< £fe lrstt* h^n hn;u ( i p) ^A-f 

xt?** t t-rzm&m 5 fe«©~>x-r a. 

<tt>l^>«, #1^83*521^-^ (ATM) f/WXT 
<fc£ c i*^t-r*i«*JS 5 IS«(D->X^A. 

^6©ymh Kf&^-r s c t &&wi£-rz>m#m. 4 

|2«<Dv'Xt-A. 

®m\Ztt-tZ>—%<D*yhV-?X.U*>hfr*><Dmt& 40 

IStT SiS#JS 8 |2®<D->7.^A. 

•5IS*3S 9 f2®©->XxA. 

xAKfcttS^ftJCii^T, 
(A) lO©^> h9 — £ W-Wc^feUT n©^^ 50 
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h 9 - :7 x U ^ > h j&> 6 * y ir - 5? * it m -T -5 X -r y 7 

(B) Sm-yh7-^xW>H>f©I^5^7 
h"7— ZV'iWZ.&^-ZT.T-V? (A) <D.*y-fe— 

smr-sx^ y -ft zmrz z. t &#mt-r*&m. 

[8S#JS12] mZXry? (A) tt, 
(Al) -7j©*>)/ b > hCD h 5>X* 
-FWt«>5, S'J©^y h"7-7X^^>h©-tJ— tT 

zfu hn;n)— h*x K £ £: &#^fr*i«* 

«i 2fe«©^&. 

ffi (SONET) h7>X-#-hU-1 J r-V$>Z>Z.t>£:ft 
[|«*3S15] (c) fflkWry b&&T/UX 

%> ®m&&# d x n v- a > srtKs-r sx x ? 
y£$$K#tr;i«i£&&£-r5»#m itemed 
ft. 

[iS*mi 6] MjaXry? (C) «U 

(CI) -f>^^hynf-3jp (I p) -rAM-Xlt 

CiS^]5i7] ttrisxxyy (O 

(C2) ^l^aigSi^-H (ATM) xA'-rXJC^ 

* mik^at^ d x n * ^ -> 3 > «rjitt-r * x t- ? •? ^ 

im&mi8] (D) lOCD^y 

(E) jtio©^«i|i*, 5ttin©^if@*u^xx h-r 

•g-tfvl<!:4#m«i:-r-5IS*Jai 2fS«CD*fe. 
[sit3fcJS19] tftfSXx^y (D) tt. y-fk^ hil 

=fc0fcfce.$n*cts#?sa:-r*is*mi 8t2«©^ 
ft. 

[fS^2 0] (F) h"7-^X^^>h*tp 
(G) iSXr^y (F) ©^-^7-^XW^h 

[f»*jR2 l ] A-f ru v WW5&i/r\>r~f 

^ffiffiv-X^A^ViTjimAX^BISr-r^^fttC^Vi 
T, 

(A) OS I X^-y^iJit/TCP/ I PX^y^CO 
i^^ ; &5>x>y$-e-?.Cia:JCJ;0, SONET/SD 
Hh7 >X#- h tn«i5 IPF7 >X#- h iCDF^05-f 



( 3 

3 

7 x-7 7 - h* tftKHfc-rsXr- y 7° 

t, 

(B) OS I *ary**?>SFtf*C£KJ:D, xS? 
^70X3*7 KT&-5SONET/SDH*-;/ h>7 
-7Xk* > h*»MflSf 7"£> 

(C) <CM->XfA-W^fA (IS- IS) ft 

M*«2 2] itE7f»^ (C) «. 

(D) I S- I S'J >77^— h7°D hz\)V"r—9a. 10 

K Ofi« h # D $>- £5fcst -T -5 7 5r y 7"* $ 6 C^tf 

[»*«2 3] (E) CAPOttlflllZltfS/'tX&ai 
AT -5 7. =r y 7°£ 2 6 \Z&t! E £ £ ? Z> m&m 2 
1 fE«©#}£„ 

[1*^2 4] 75^7° (E) it. 

(El) I S - I S 7^)1/^/1Xp< y -fc->>©g« 

i^y>i-r^^^yy*$e.ic-g-tf££«:#^£-r«BS 20 

3fH«£©7i&. 
[fit#JK2 5] Xf?y (E) «, 
(E2) 7 Kl/X;H>f-< >ifj— 7*;i/©CAPCD 

L . sijcd c A p fcfiia-r * fc» KiMI t £ fts/t 

7teffi*&£t-57^7°££SlC^tfE<fc£*£&£T 
£§S!jfcJS2 4fS«©7ii£. 
[|f*«2 6] (F) STJfeCAP^, n>A— 

& 30 
CiS*3S2 7] (G) (F) tCi5V»T#?i^ 

c a p \z®mxz>XTy 7*1*. *> \z&ts c ii *#sK<t-r 

[§t#JR2 8] (H) 3>n-$;i>xyDt>3;i/ 
aST**^ 5»-fe-i>©*iC)t;#lT. *>T5fcCAP 
©^1SiiJliST#l$£fTfc375 i -;/ 7°££ StC^tfC: £ 

l 0 0 0 1 ] 40 
[0 0 0 2] 
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M h^X^Ttf-hSr-f >7*y h^D hn;U (IP) 7s 

>tftm.tt. mxnvyzmmitmm-tz&oiZT- 

[0 0 0 3] il««j>7te> 
fc3#J;££WT5gC#<©#&T«:5i2n#-5>. 20© 
«8§gra©2 OJ^±©5 1 -v^;i/©KgE^> BP-fen.— )f |c 

££&-r 5 iztb ©^ * ©sns mmm & a«-r * 

J&^fct, E«i3£SKcircuit switched), £fcte5-f>£ 
&(line switched)^£P?«tl-5. i!!V> 

m^tt©-y— trxs^usttarc*?). ^^©-nf 

©«t 5 ftssefe^sw-Aft sftfci^ ^ ©t^-sw^© £ 5 
ru7;^<A©j a«7yu^— >3>c£ot# 

[0 0 0 4] 0H5Sfctt, »V^«f*©***ffliBlU— 
\dX\Zh&mznz>. 5ESS©£5&«^lHl3*&->7 

^Ata, M^^^M^-a (tdm) &&.mhT\Bim?£ 

[0 0 0 5] 3£&«te. MD« 

jg£bfc^7xA:3>#-*>h£#8rr^ 

(ommfsifSLm^^-r^fitbiz. rjv— ?nv9\ &m 
-zfn v 7 *m-o T«BLfc->xfA 3 > h * 

&m-C2Z>£o\Z. *fc«ffi©friE#S*S-5£i:*<T 
^X^AS-tng^SrS^^econfigur 

flld^^'<;i'©ttffi*5J:tX«Mtt**l«-rs. 

[0006] mmim/mM7 s Jt?)imm (sdh/s 
onet) ©«t5^^, ^mm^^um-mu77 

^^—^3>\ZMVX. <&.t\tti?vi?—. >7>y- (wa 
nder) ^.ttf^Dttftg-e, ls0>»fcO^ty h©k- 

/cJ6JC, h7>X#-h-f >77X h7?^*\Z&^T 
tffl^ntS. SONET/SDHt^t-iJ^J 
>^«, h>7-7i&lg©&&+$U|i>rtK:-y-- tf7 

[0007] y&mt. mMmmsm?'f><Dji 

■5^iS«'J >7©fJfflS:*^:{t;-r-5feJiC>tr^sti# 
Wry h^ijyD-fi!, My>>h4> 

i-j-dsw^h-s. Mm©^> ^v^^ta. te©*82§WTte 

7 1: ct 0 *ffl(U^±$:««n-5. 



( 4 ) 

5 

[0 0 0 8] /Vry h&mi'XT&te, L«b«, f£{f 

*vhzfuhu)i (i p> hy>x#-h&&mm? 

Z, KxM7*-h (best-effort)j 

-rs#a£x<. 7*tV7tv y^ft^sfctiffivxj 

I Y<T-*?*v r-"7-7l::J;0jf 
tl, a J*j9—%i£&>Vry hDX4#o. 10 

[0009] si#-rs i pt-^^«; by-tnmnrz 
mwitii&mm-rzw. -^n^«, x>na— sf^lt 

V—Z Zfem? fcit- h*7 7°arw ^©PflT* >y 
if (provisioningjya-feT.fc.fcO, BP^tfc&WSJgt:: 
(i^-v^;w«rj|«-r-5. 20 

[0 0 10] /l^y hx-^ h7^^y^«*3feWtC^F 

E\j£&mm<D «, i p^-^h^ 

V4«.ra«, -€-CDe£!£-^«>-5<scale back) KL®V>7S:V><i: 

V>. 30 

[0 0 11] «fc<»e,nfe r^<D^*J (tragedy of t 
he commons) j «, 3.— tf <D^iS.if)V— 7<DW,-fj$its. 

^mz>nwzmz>z\tte. &^mm\z&^T-$mft)tL 

*Jffl*^^^ra©W, h77^«v^&-^4e>-5(sca 
le back)<hV>5t8^£LfcVMiafal::&57hU-S>7* 

[0 0 12] -9— tfXWf-Vfcitf h^>#-h 

W-^te, ^©.k^Ti^J^K-^^T^T-^^ 40 

9-y mmt&v=7>xi£-h/\ p) jim^x-tak 
>m*, &m<Dmft*}£zfi&'*mm\zftm-2nT\,*z>. 

-TV>y<o?x?$:mM\zi,s &mtLT. mmzb 

K*»«T"T*. 50 
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[0 0 13] B*2Mfc->*T-AK£D«#3:ri.BKVv»i- 
-fc'T.ffiSt&.fctfA'^.y h^->X^AtcJ;»3^x.e.n 

&m\zm±VT. 7\y h7-M>77X 
K^-f 9*5 y £ h 7 >7#- r- n 7#«e*Wa-T* 

*rr-g>ifof$ $ nfc-9— t*x *i§#-r s n t 

[0 0 14] 

[«W*««I*L/J:5 tfS^S] SONET/SDH h 

JHU AoSONET/SDHh5>X*-hi:IPb 
»/MbL>&^ h?7^ y 7x>5?xTU >if*&W,\z-T 
[0 0 15] 

Pfliim^^-r^ 3 >a*— 7x >77n h n;p*-^tf. 
Mill a >A-yi>^^n hniWl loo^h 
■7-7 / - H <D h 7 >7#- Mx-Y ir*<g'J©^ h 7— 

;7 y - h* ©-9— t*x k tfisw Kinrr ^> c t * m 

[0 0 16] ^W^HffiJgSgfC*3V^T> iJ— bT7W 
-f >^^y h7n hn;i/ (IP) Wti:LT« 

■r«.Jlt^nIlgT&0, F7^#-hWtli, SO 
NETh7>^jR-M/'ftTM. 4;-Hlt 7H 
Hn^7v)l/^7^^-9- (ADM) 2i1tt£Ti??)l9u 
h©J;57iamxP^>HTafeD^-5. dCDg 
Wa««> Ktl/UXJH^l'-i'3> (layer- 
1 pass through operation) <Ccfc0#?)tlS. 
[0 0 17] *^(0-fi!|®lC*ViT, ^-S-CX^^W 

*3 J;^Mf£;-rs-9— 1*7 l^^;UT<7*9 > h 

[0 0 18] #56W©«afcJ:S->^T-A»4. &9g<Z>3 
>A-yi>X7"a ha;Kci; 0 I P r-7>7#— 
JclKS ON E T/ S D H h 5 >7^- h S:-&^f 3-tr5. 



( 5 

7 

ICU Z.t\\Z^Y), x>Ky-x>K#-&WfflW«ei:A» 
£fcVV\*-X htt©h57W y^£«/Jx<D3X 

[0 0 19] MM, 40C12C<-XKOC48'J 
> ^ <D J; 5 & 1 -d <D=f- 3 tlft^f > ? 7 x -X 

(provisioning)"??, (tributary ) ©^—5^ 

— >3>tt, E**n&»W, L«Utf»->-^K0ViT 

^^((termination poinDte, •y-h'^^D/H^O? 
>^-f Acox-tTic^-T^ J: 5 K^-f^S y t> \z&m. 

[0 0 2 0] *^^©KS«rJ:n«, iHt*? h«7-£ 
te, JUT, 3>n-i?i>xya ha^twinsya 

ONET/SDHH5 >X*ft— h^rj 7—)V$kf}~7'^Z.)\' 

7 (on the fly) TrtSC^iB^a^nsct* 20 

Mi'tt, 9M4>9*v hny?X->t SONET 
/ S D H h 7 > X h A* y ^ > <h ©Pfl COX A -7. 

fto^x-xicio, r-5>x#-h*y hv-z 

[0 0 2 1] SONET/SDHh7>X)R-h/t7^ 

■r-5^t*i-T?#-5. lO*fc«2^>«±CD^>y h"7-^ 30 

377^t7^>h (CAP) tLT 
mf&Ztl. SONET/SDHh7>^#-hi^I 
P h5>X#- r-tCDfflcO-f >^7i-X4j|it5. 
[0 0 2 2] 

[%^©HJfi©^g|] aioM«^n^i;0i:*n 
T, A^y b&&=i>i£-*>h 

mmzft-oTWift-rz. h7>x#-hwti:^ 

T, ld*&li2o6(±©SONET/SDH*^K7 

-i7x^^>h (.z.<om^mf3.mmmm\z^T, ne 40 

1, NE 245«k#NE 3) ft, -f h^D h^)l 

(IP) fA-fX10 4. ^raWteSI^E-H (ATM) 
1 0 6*J;KATM7AWX 1 0 8CD«J;5;kA 
dry h£&5 i A^XKtfi-508l£&£oxri*^ h£ 

[0 0 2 3] I Pf/HX 1 0 4*±^ATMf-'HX 
1 0 6:fc,fctfl 0 8te, MM, U>£fh#as?— KE 
l^^fc«2-S>t(±CD^/WXC0ifa-g"e-Tf* 
->XfA10 0li *^C9iS^*3J:^S^^ 

#M<bTsfc«e>(c, PKSftfc&o^A^xco^^n 50 
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I Pf/HX 1 0 4 tATMryW X 1 0 6 £ 
©W£«fctf I Pt/HX 1 0 4 iATMr/HX 1 0 8 
i©rac0 2OOi!7PX=l^^ h/tX 1 1 0*5«fcUCl 1 2 
tt, fn-?nSONET/SDHh7>X#-hWt 
»£43ttS#£©0ig§i£&AX£ig#rr5. 
[0 0 2 4] &AX«, *tScOSONET/SDH^y 
b«7-^x^*>h£ffiii-f 5££:at-e£, 0i|;g3 

nxv^v^cDAxt, eine.cDxU'^>hco#>«r?&ji 

«, I Pf/HX 1 0 4iATMfA*'fX 1 0 6 tOffl 
££1*1 Pr/K7 10 4 tATMr/HX 1 0 8 t<D 

m~?T-*&i£m~rz> z. t &stnR*fcj:*«ys©fc«> 

fc, AX 1 1 Ofcitf 1 1 2 COS-* lc43V*T?f?^i|@©— 
mft&ZfuiLitn >(provision)-T«>C t^Tf€r-5. 

[0 0 2 5] ^TUi^Sn^Ki'td:, OS I Ktt 
Bftfn, Willi, Ming-Chwan Chow, "Understanding SON 
ET/SDH" ANDAN Publisher, Holmdel, NJ pages 2-31 th 

rough 2-32 \z j; o tra^ftx^-s. 

> r-F ( ga«lcMKBSnTVi-5a«-C0>'X^Ai:S7S 0. 
^^iCi^am^X^Att, *y h"7— ;7Xk* > h 

rflcon-^raaflsiiff-r-sct^Tf^^. ne 

1 coipfc*';/ r-7— r-co-t)— t'X W-V 
li, *i«h7-^Xl/^>hNE20H7>X#-hV 

[0 0 2 6] fin^iDlWBKIjyjrrfcJ^fc, ^ol 
ll/utt, *&m<Dmmiz£.z*.y h?-^**, AXlt 
^tt-53E{frs^*iSSl*iS-g-rs«k5{rAxi l o 
*5<ktf 1 12 SB/u b*v> a >-r% z. t * njfiglc-T-5. 
£ftte, 7nb*^3X>yatx^^ -y^x-ifeD, fro 
v - a. ^a^-coS'X^ a t ttfo$)~x?& m 

t>s jaffrcDv-X^AKl&UT, AO L CD J; o fcU— fX 
^DA-f^tt, AT&TCDi^&h^^^-hD-fc' 
X^ , DA<y(r«kSf?^'D tf-^3 - >^€r ij ^7 XX h b 

[0027] *&m<nmm\zxtui. ax i 1 
0^Bif^©g3lk-hir^bT, ynb*v?3>$ti, N 

E 1 tNE 2<Dm<DV >?\ZttVTffiW<D+)— 5?ifi3-V 
hU — i7X.]y^> hNE 1 NEl^S, 
NE2^C0AX1 1 2 43±^1 1 3 I^-dT^-^N 
E2»Ctt^-r«fciD<D-t-^^^i|@>£^^ 
^>hNE3tCiE^W«C»;^XXhT^S. eiCDgPB^CO 

(dcc) tc*ttsa^M^^Ffl^=t^xp^> 

[0 0 2 8] SlCO^-y h>7-^Xlx^>KNE 1, N 
E 2*3±C/NE 3cD«-^«, CAPtl/TlfftSii 
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^#-h&nffg»C-r^. 7P>Hx>Kgi£(aggregati 
ng);k-*te, X> h U CAP tm^Ztl&Z.ttfT? 

/^•yM/'<;i'h77-f^^tti>hijCAPi;J: 

HtltflOS**gSt41^*tt50T, &c 
API! ffl*©i&gA<:7*©-9-'f X£"on the fly" (fiS 

coo2 9] m&tVT, *%m<D~>XT&it, /uy 

Wffl«:S®{b-rSfcJ6^«ifS*jS^W»'i!li5-r-5 Z. t 

unties- cap <Dam^mzm^x^.x h x 
-rs. £fttt, tru-rvv**> h7-?xmxf^ 

[0 0 3 0] 0 2©SE^:W^ , nyir0«, *f£9!©il3gl 
K:«k5*y h>7— ^Xl^pt>h2 0 0<DMry r-3£&3 
>#-*>K2 0 2t®m#&U>tf-*>h2 0 4t 
come>ms.mWi&yRT. n*rv b£&3>#-*>h2 
0 2 «> >#- F 2 0 8 &£Zfi2 1 0 fc»ffflij|»fc 
mm^tlft-i >?*y hfu hn;u*J:«#raflMiaqE 
— F*-f 5^2 0 6£#tJ. 7-f>*-H2 0 8^ 
2 1011 llI^3SS|-feJU7 2 1 6 ©lfiJi8il£&A7j/ffl?J 

2 1 4£iIbTlEjigl£&-fe;7->3 >2 0 4^SONET 

u>^2i 2\z^ommtst\T^^. 
[0031] im«g^-fe^v'3>2 o 2«, mm2 1 

6, 2 1 8:fc.fctf 2 2 0©«fc5ft1&i£©D-;*7;i^-f y 

m&2 1 6 CD I/O 2 1 4 43cfctf2 1 6©J:-5fcI 
/O, n-MX-T7f37 2 2 2, ->i^73>hD 
-JP2 2 4*J;^ >^7i-X 2 2 6 4^5. -f 
^7i-7 2 2 6lt D-*;U7.-1'-v^fiS^i:-fe>h 

^;^-r y?mm2 2 8 t©fw©«{t£ig«-r5. -t> 

b7)lXT y^mm2 2 8«, ->x;U7n>hD-JU2 

3 0, P-#;H»&©£->«rfctt-f£-f >^7i-^2 3 
2, ^Hlf±>h9)lX^*j^7 2 3 4£#tr. 

[0 0 3 2] 02CO^y h>7 — ^Xl/^>h2 0 0 CO i 
F>7-;7Xlx<*>h;ot, \3m3£&*y YV~i> 
tA+ry Y3&k*y bV-? t<Dffl<D-( >?7 *-Xt 

7-^3 0 0lt Xt^> h 3 0 6£>£Zt3 0 8© I P 
eSli:Xk^> h 3 1 0, 312, 3 1 4*5<k£/3 1 6 
©SONET K^>7.*- htcOffiCDO^T'x-XSr 
««"r snTT^irxtf-f > h 3 0 2&£Zfi3 0 4*t 
y-7s/-h'NSAP7Hl/7 : 
35T5fey — h'NSAP7 F UX : 
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tr. HJ-fe, *y h7-;7Xk*>h 3 10, 3 12, 3 
1 4, 3 1 6, 3 0 2*5«ktf3 0 4<Dffl<D&m\t, SO 
NET/SDH h7>X#-h£ir?£>*K *yh7- 
i7Xl/^>f»3 0 2, 3 0 4, 3 0 6, 3 0 7&cktf3 

o 8F^©esi«, i pesi-r^s. 

[0 0 3 3] *^Bg©Jiat«tn«, h"7-^Xl^ 
^>Hi JUT, rn >/'!-7i>X7d Fn;i,"conve 
rgence protocol"] tmXtlZ Z. t \Zl3.Z>%i LV>7*n F 

10 5. 3>A-7i>77d hnjP«, OS IX*y:7& 
Xzf-tMfrrz>. 3>;t-7i>^7n Frui^-^a 
>;H7*-75iHt 04«CjS$ftTV><5. Z.CD'f— 

Ki&^tf. Ayyii, 1/W F©rJ>A-v>x>7.7°n 

S$^rc*5J;tfA-e>3 >#^©ra-C7>f«3nfe 1 /w 
F. l A-f F©:t*d Fn^x-^jaxy F;5"f :Af>-;? 
dr-*, ^i^x^^-y-A^tf. &7*nh3M^ 

20 [0 0 3 4] PH^fcT, OS I fc*5V>T> 7M©Wf, 
WS> U>*, *yb7-^, F5>X#— F, -fey-> 
a>, 71/f>r->3X &£.TS77V>r— : i/B>ifi 

77'J^-i >a>U-(-Y\zW;frn. V>>?7.-{> 
VT-Zte. iin7Qh3jl,f-^ax5» F (PD 

t&mmiz&^T, 4K*iSiaK pdum7-y>7 
y-^n *ti?ft&*ti\zmm-3v*>ftt£ j tn&#<D 

7*-~?y h&#f-5 2 5 6flOPDU^707%0 

30 ^-rn^i-D^-rrctbizmm^ti^, ^x^u-a 

/W Mi. PDU©fca&©?xy^U-A£f21g:-r5. 

[0 0 3 5] PDUIt 2 5 6m<D^^lf(D ; o%<D^ir 
txfr~r?$>K>, ^©-fe©*-^. 

PDUM7: 0 0 0 0 0 0 0 0 !7r >^->3 > : A" 
X^r\-y v->y(Path Caching) 

bJ^S7 ^ K ««T© © &Stt. 
y-Xy-HNSAP7HI/7: 2 0Mh 

a&Tyc/- KNSAP7 Kl'X : 2 0A< h 
lSS©ffiy-HNSAP7 : 2 0Wh 

40 - 

k#@©4>P(fl7 — KNS APT FU-X : 2 0/Hh 

M©W/-h*NSAP7KW : 2 0A*-f h 

[0 0 3 6] PDUM7*: 0000000 1 77> 
^->3 > : A7.^-\r->->>^n>7ry — ->3 XPath 
Caching Confirmation) 

SftST * "I^S 7 w K « WT© %> © . 
2 0/HK 
2 0/Hh 
1 M'f h 
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[0 0 3 7] PDU^-fy : 0 0 0 0 0 0 0 2 7r> 
^ ~>a > : AX U A— AJKPath Removal) 

V-X;-HNSAP7h'W : 2 0/Hh 

V-xy— KNSAP7 KPX : 
$>T^fey-h*NSAP7Kl^7. : 
STS-lXDyh <&§k : 
STS- UU7 h## : 
[0 0 3 9] PDUM/: 0 0 0 0 0 0 04 7r> 

V-x;-KNSAP7HW: 
a&T5fey- KN S APT HPX : 
UXztf >.XM : 

[0 0 4 0] PDU^7": 0 0 0 0 0 0 0 5 7r> 

V—7.J— KNSAPT KI/X : 
»T*y-KNSAP7H^ : 
STS-17D7hO»: 
STS- lXny : 
[004 1] PDUM7": 0 00 0 0 0 0 6 77> 
:7~>3>: h >%-)V K (Tunneled) O S P F 
ttfo-?Z>vJ$£&7 4 — K «£ATCD-N y y&StS. 
V-7y-h'NSAP7K^ : 2 0;H h 

*Tjfe/-KNSAP7HkX: 2 0A-fb 
JUT® 5ffl©^< y -fe-^^tr^-U v'tHWO S P 
F;*yfe— 
AD— (Hello) 

U >^Xr-hAc k 

LDP-REQUEST : 
LDP-MAPP I NG : 
LDP-WI THD RAW : 
LDP-RELEASE : 
LDP-NAK: 
[0 043] PDUM7": 0 0 00 0 0 0 8 77> 
^->a>: h>^;UHMPL SCRLDP 
*fJS?-£ bJ^S7 -JU H S£tT©A y y ir-^Sr 

V— X;-KNSAP7h'^ : 2 0/Ht- 
*T5fe/-KNSAP7Kl/X : 2 0A-f h 
WT©*y U 'J±)V<DUm)\>- z r >( >>f 
^^T^XH'Jt'a— >3>ynha^ (CRLD 
P) *yfe-5>fcfc*>C. 

CRLDP — REQUEST : ^^WJ^I^ h*yt 
CRLDP - MAP P I NG : y^JUVy yfe 



(fit : YES= 1/NO=0) 

ifeT^7-KNSAP7h , l/7 : 2 0A-fh 

[0 0 3 8] PDU^-fT": 0 0 0 0 0 0 0 3 7r> 
^>3> : ^«igSiJST 

BJ^fi 7 -)PK IJ61TO & <D «r#tf. 

2 0 A-f h 
2 OA-f h 
1 A-f h 

10 *n&-rsBj^S7^-;n*«WT©fco*^-tfo 

2 0/Hh 
2 OA'f 1- 

1 A-f h 

(YES=1/NO=0) 

2 o;h h 

2 0 A-f h 
lA-f h 

^eff -r s ? -y h c «t o ft^ s n-sss 

OSPF-2A«^-hSnW-5i 
OSPF-211 J, Moy, "0SPF R 

2.0, IETF RFC2328, ftp://ftp.isi.edu/in-notes/rfc2 
328.txt April 1998, C:f2®£nTV>S. 

[0 0 4 2] PDUM7": 0 0 0 0 0 0 0 7 77> 
ir^ 3 >: h>^;Wh*MPLSLDP*tJ&-r-5tiJ^fi:7 

y-x;-HNSAP7HW: 2 0/HK 
30 $T3fe/-HNSAP7Hl'X: 2 0W h 

WTO 5 fB©*-f y -fe-^*#tr* U D P 

y^HJ^XX h^y-fe-v* 
y V y tf > y 

y^JHJ U-X^y-t-^ 
LDpy-r-f 7 -< 3 > 

40 [0 0 4 4] CCO^«^||Ji^lr*5ViT, LDP* 
TflSns^^iW^XHD-, y^;i/>J U— X45«fc 
^7^-f>f7^^-y3>^7t-i?IJ, CRL 

d p\ztthx\g.m&)izmm2ft ; ®z>. 

[0 0 4 5] W^Lfci^^, *.&Wit. SONETS 

mmzofttbiz, yrF<Dm*<#)t£^MMm\*s sts- 

NO.k^^SONETICHa-r^fflig^ffifflLTSON 
ETlZZ)\,*TlftW2tlZ>&, Miat#fcJ:»J SDHiidS^ 

50 [0 0 4 6] 1. fijfflfls 
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1. 1 -f>^5T-/x-h->^fA—f>5'Sf-i'X 
-h->XfA (IS— IS) ^-^Kh#Dv'-t-h 
x-f Xft/VJ— (Intermediate System- In temediate Sy 
stem(IS-IS) based topology Auto-discovery) : ISUSfMfc; 

-f>r- (NSAP) 7K^*«ty:iP7Fl/XT?^D 

t*>^3>$nfet«^u, cap;-hijosix^>v 

ftK*t&LT, §37^f>^Sf^I-h^>h (C 
IP) H (jK^»Cxv>^;P^n7.n^i7 hv^fA 10 
(DCS) SONET/SDH h7>7.#-h© 

-9!tl/Ti<SONET/SDH*y h^-^Xlx* 
>h) NS APT Kl/XT/Dh'^g >3tt, OS 

[0 0 4 7] V<)\>2 I S- I S#-tf-7tf- h^ft-Si:, 

#-hSn, 7;|/2 0/HhNSAPA<fffiSn5. -> 

S^JS^S^-y K>7-^ h#D^-fe. jgfLVi3>y\* 20 

tt, I S - I S HELLO^yi:- i?»3S^I*a^Vi 

t i s — i smmm&*m&i-tz>z.£\z&r), ^-lt, 

IS-ISU>^Xf-hPDU (LSP) (D&mzM 
■^ViTCAPfeilXC I P*-^tr=&y— HCD<feSh#P 

s?- .to, g»e<ucmv^*$n#-5o 

[0 0 4 8] 1. 2 CAP/^flia: 
-hS'x-f tbTffl<. ^CAPH <>f l J7y-h 30 

Vx.-izruvu)\, (igp) it«ii'Xf l J7y-h 
^x-r^Dhp;p (egp) >^*->-fe->?«9 

(external routing neighbors) £.<D?&i£fflW:&Vl&iL'$' 

PSEH#©i«i:cD^»c, CAPit ;Hf-f>^7 

[0 0 4 9] &CAP^7H ftmStmrtX*mtLT 
5. BP'S, CAPW© 1 0SfcH20W±©>|'W; - K 
d«&9#-5;0*, &CAPH Ofi^CAPCOZ-HT 40 

x&^v^'rcitfrit), te©cAP^©ai/u** 
srr-s. %smrtx&m&.-?z>t£tt>\z. is-ism 
at. WTwioc^ftsns. as© is-isifl 

"Intermediate System To Intermediate System In 
tra-domain Routing Exchange Protocol For Use In Co 
njunction With The Protocol For Providing The Conn 
ectionless-mode Network Service (IS08473)", ISO DP 
10589l:if2it£ftTV>&. ii?jt© I S - I S WW 2 L 
SPIt m5\Z7R2tlfz7* — Ty h*^-T. 

[0050] &9tmv)i£m\zJ:tiii. ms<Dy*--?v so 
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htfi&msti* z.rnz£vmwTz> i s- 1 st.^^ 

-Jl'HIt &CAP*MS-IS LSP7^7*f-h 
\ZMzJ^xm(OCAP^(D I P7 HWtilWSSiltfKf 

lood) ^ii-s c t^-e€rs«fc ^ tCj£5S$n«. 

[0 0 5 1] I S — I S VOV2 L S Pnl$£1ky 4 —)l 
F£>SU lo©/H h*i7-f- ^©S^SS 

[o o 5 2] &&m<Dmm\z£tii& 2^0C0DE, 

CODE 1 5feii^CODE 1 6 A*, 0 7 ©SKbStlfc 
I S - I S WWI^LSPltffcS^-JkHHKjicSft 
TV^J:5lr, I P-V4^3i^I P-V67KI/X7 
^-f7>7.^>hS:1t*-h-r-5fc»lCffiffl$n«.. CO 
DE15lt IP-V47h*kX / *7t«;^i'Xt'5fc 
J6»C{£JB;*tt» CODE16I1IP-V67HW47 

f/*?^ x-rz>tztt>\ztiimzftz>. i s - i s lsp 
7y7?-y<oym<nmz, &CAPI1 mt-zniti 

S-IS LSP lc3£cfV*T-€-©V^— >h I P7 
(IP-V4ifcttIP-V6©ViftlW £7 

K/^-rxb, a-c i Pit. iftsnfe i s - i s l 
sp7^-)h j £&m-r •& 3. t ir^s. 

[0 0 5 3] »ftSnfcIS-IS LSP©g{IKljS 
StT, C I PtePDUfciiaaOICffiJlU CAPB 
AoT< SflF mzm-l^T^MV-T-j >if7—7)V& 
itJnWlC'J 7 k -y-> if Cities AoT<5r- 
^AtffLVi I P7Kk7.£#tr«£\ CAPIt 08© 

;w>x-f >?T-7~)vm\z7K-zt\T^z>&o\z. -=£-© 

SnT-5. CAPICcfcD§«£n-S£fLV>7 FI'XjWSiJ© 
CAP©7 KkXT?J&5«^ &CAP^OIP7* 
>f7H kX£giJ© C A P \Z7 H/^-fXt5>fc* 

ttT&stv^i&fn?, :/oirxa<erF©«k?K:iitr. 

[0 0 5 4] 7Dt7 1, t&WrtXmtiL: (S'J©CAP 
/-FBfr£> I P7 H l^XS-fe i 5 fSfltfeI4©7 
-H*Att5) 

XT77"1 : ;-hb©i PTFis^zMm-Jnztut 

i£<i#©N S A P 7 H lxX=£Ji.^tf5. 

Xf-y7'2 : I S - I S)lr-r>f >^f-7*My^7 

7 7l:S^ A t B t ©Fl©»l/U SlV^c U> A 

[0 0 5 5] 7x7^3 : D>rt-7i>X7'P r-^;P 

-FteBT?&D, ■fffl;-K©NSAP7Hl/7>bt 
tr. 

7> J ry7'4 : /1X±©£-./- HCfcrbT, -^©.fc-SfcA- 
'j7V-y At B <h©ffl»;:x> r* U*i 
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#© J - F© N S A P mmfeftfct -5 X > h U \Z Xtl 
[0 0 5 6] 7x5/^5 : dtl*i«i^*T5feT*^^t* 

ia*r *. -?-n#A icsm -r * w-r t*? 

CO 0 5 7] -f XXT<&-5*§-§\ /U3>77^->3 

Sff^ttfc;* y-fe— v^lC^i A©N S A P 7 H V 
X\ZM~J^T> I S- I S;P— ?V >#7— 7)V)Vyt? 
7 v 11&&3\vt: A\zmM? ZVimrtT. £fe&U Ale 

ray-KONSAPTHU-X^-g-tf) , fbT/U3> 

7r^-->3 >;< y-fe-i?*y-7.A»ritl0jg-r. 

ft : dCDi#£iC:feV>-t\ S-fray-h*^ BA^Aa© 20 

[0 0 5 8] ±f2©yn-fexi:: e fcD, S-CAPtt^-tig 

#©7 k uxn-f >y^-y;p*5t3fr-5fc*w-e 

■faoCAP»tSI»-r^/t7.1f^*>b#S. 
[0 0 5 9] #»9I©«BfcJ:ntt, 7*r*r4 yt>\Z7° 

5=— y\>H3 i; tfx ^ 7 5 s — y.>P© «fc 5 y y -x v 

©ma-?.* r) mm\z$Lmznz. 

[0 0 6 0] CAP^i^C I py-HoH*i;^u 

v>*«3\ s-u>^icw^we.nfeyy-x7 i -y;i/ 40 
#a&3. wDM^f^nsti^, s-AKma-rntsn 
fc'y v-xt=— y;px> t- »;*^^>. £©y y-x^r- 

tf-?-© S T S - 1 3£SK (tributaries) <D&**<DmWb 
7v— ?7&StS. iiT, SONET*7h7-7X 

[0 0 6 1] io'jy-7f- y;i/©5tD&v>« v Sfb 

V^D h3M, IftOSONET/SDHOi^W 
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77Wr-\ : sa>\Z#LX&V)Uh<D\Z-rz. l#a© 

t i o©xy h y ima^t* 6nT.v»*. 
[0 0 6 2] #y-Kir^-r«^y^1f^«, 0ioi; 

yvi^os-xy h y »4, l -p©y y^ dPiS^ttsnT 

V>*3&»*ft:ttl"3©il[fiK:Wa?^6nTV>*. &x> 
MJi:^7*-v-yMi Eli 0K^$ftTV>5. 
cof- y;vfp©#x> r-yic*rb-c\ mmitm\z^ 

X, N S APT H l^7%7^ —)V K**, ^A-ONSA 
P7h-^tUT7 , nh , ^3>sn, "ffJffl*Jftgft#** 

m n y-{-)vv\t. ^©y>^/&s©iggsw§a*fe 
«-?-na*-y-#- h-eirs s t s - 1 <Dfkt txzfu tr-y 

3>Sn«. fl/T, STS-17W#'f>^tt 1 9 

h U fcMg^tt ?.nfe^-rs STS-17K ©%s 

[0 0 6 3] *5&m<DWM\Z&Z>U>n~, ?i>^7"D 

S O N E Tgii3 >Af 7*;P4gf 

^StLT, UPSR^J;r/BLSR©J;534 
SfrOSONETS7c77"D-f^ BL^WJCjg^Sn 

sfc, scAP>fo;i/- TVy^/LSR&gg 

T, lliOMPLS^-7 K^TCTya-^ 1 ^, SON 
ET/\X/7-<>^;V©f^to0»C I P7D-1/AJH; 
WSMy^Xa^VT^ (granularity) £x>F 

[0 0 6 4] STS- Uf-J-Xr- 7*JH>K'jO 
7*-V>> HI 1 IC^^nT^CI. "7'J-Xf 

—97? \t, COSTS- 17Uy h&%H) )%X ibtlfc 
d^^d^S^b, $>T5feNSAPT KUXfiei©^ 

(tributary) ©^-T?) *T5feT H yx*t<BfTS> -5*^* 

[0 0 6 5] *%^©Jia{r«tn«, 7>^-f AlC^Vi 
T, #CAPft««)i7t-79M5S«itJi7iXh 
*S«-T-5Clt*tT#, CWi, SNMPnv>HlcJ; 
0-9— tX7*DW^695iSW (explicitly) 
Z\tWX%, $feliMP L S 7^^^ y f >^/Ut 
V h7-y7"7'atX^e.!lfW (implicitly)»C#e.n 

•5. cne.©u^xxh«> 2^©s^^*^rry, hj 

^. S-U^XT. htcH^Jte.nT, IP*T5feTr-'y 

[0 0 6 6] cmcjfcb-c, *%HOlll;i^CAP 
14, «T»c^-TJ:5fc#*WifeS!lST*fc»4«aT*l» 
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^SNMPynty*3->^37>^LT 

[oo6 7] sts- i u^ommm^±s.y-i7»m 

T 

ft : £ HTT» Wtt«»#tt. STS- lONteTftttft 10 

^ntX2 : CAPy-KA$W : 
Xfv/l : I 1/7- £§<rr -5. 

— yjHc36^v»T. #©CAPK?iM-f-5fc:a6©^3A 
[0068] x9-v73 : /tx^-^;i/*> e»f#e.nfeif 

ttS. £n&y-KB<hU WTCD^fr^^r-SU > 20 

[0 0 6 9] 7 5^:/ 4 : 3>A-^i>X^D 

^UV-X;-HNSAP7Kl'X 1 &T$fcy-KNS 

STS-ixn^h^ttr. f l/T, 'AnJ-VftZo 
3>7r^->H>^;-fe--^0. 30 

;H3«ttf iwrs S T S - 1 7^-^7^-7";u<&^ie 

-T-5. ttfe-r&7l>—-? (framer) &7*Pt*i?3>T 

[0070] wcipy-Hfci^T^CApy- 

7^y7°l : ^fTTSy-H*>e,©^i|@i!l^T^-/-fe 40 

mpmxa>yr^-^3 >y yfe-^»c«t 
J£§U STS- 1©ZL©^;1/— T'rtCb??^'^** 
A^hx<yf> £f«M&K «k 9 &3 3 n-5 «fc 5 It A7 
^— 5^—5/ a >iLT^nSTS- 1 ^^nh'y 

[0 0 7 1] :-t3T&V>»g\ CtlltSU 

*T5feT»a&V>. /Uf-^iUCiO, &CDNSAP7 
Fl'XS.H.nafU cnSrNir-r-S. 50 



7-r^7*3 :£tT©*frS»£T*U>*£Jl-3tttfT 
&U>**«&V»»£. »«(B(aT3>77/->>a> 

y y -fe- S> £ o y - ££^-r 

[0 0 7 2] 7ry7"4 : 3 5>x >X7°D h a;U 

V-X/-HNSAP7KI/X, JfcT&y-FN 
SAP7H1/X, ^Stsn^Sm S£©y-Ktft 
fiJD^TenfcSTS- lS^^tf. •?-L'T, &©y 
- KA^©3>7r^-5'3 >y yfe— v^ff-O. 
Xf-^75 : &<DJ— Kji^n>77y — ->3 >y yir 

T S - 1 Xy—i?7s7—7j\>-$:miE-?Z>. ftff?2>y- 
Flcifl^snfcSTS - l7Dy ht^ti&gwm 
TfcSTS- ud»; htwKlc^-rs^nxn^^ 

;nce*u -fx7£j£^-f 5. y— T&5*§-g\ y- 

[0 0 7 3] :/a-fc7 3 : S T S - 1 l"*JMftMHfl£ 
T«?l$ : 

-f - yX-r-f >^CAP/ - HCMbT : 
Xf-^l : I P&T$fc7Fl/7£g«-r3. 
75^7*2 : 7HI/XW>f^ Dr)t 
^CD I P7 KP7CD2tJ$:-r-5NS APT 
5. 

T, ^C©>fray — FlCNS APT Fk7£jt^tt-5. U 
V-X^y !/JM3J:tfgMrr 5S T S - 1 7t— 

^7^— t*;^ s*f^-r-5 n s a p \zmm?2>it#> \zm 
oat^nfcSTs-isioitfc'u ff^©s**# 

[0 0 7 4] Xf774:3>n-yi>X7Dh3JP 

^«ffitW^T»^yfe-^*i>c©y — Hfcsis. y^ 

y-7y-KNSAPT KU-7, &T5tey- 

h-NSAP7Hi/x, uu^snfc^i&feitf-tn 

^^ntSTS-lX07 FS^tT. 

S »J V-7'\y ^zfiMmtz S T S - 1 7 

1 *WlST«Hfrr*&»lC, 7l/-7&S7Dfy3> 

-r-5. 

[0 0 7 5] -P^C I Py-H*5=fcOt*T5feCAPy- 
Flt*fLT : 

xt77i : 5tffr^y-F^e,©^ii@sij^T^y 

^iXT^Si^ AoT<^>y^-k 
-v^-g-^ftT^-SSTS- 1 CD^P-V^ffyntfv 5 
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[0 0 7 6] Xt-;/:/3 : 2U7,-3*Z h9—7MZ& 
tJV>T, ^-rS STS-li' DXX> h U ftJLOttfc* 

-r. ^js-r-s^tbssTs- i^d>^ hx>h»j&^, 

t3tt£:U £ftS©;7nxrj*;J7 F:/nfcfi?3>ftBiJRfc 

[0077] ^izmmztifthtfciv-Tj xti/vj 

>^ftig{H;-r-5x> Ky— x> h"7;vf^D hD;P7^ 
;i/#>* (mpls) /t*£«5i-r -5 £n# 

•5. Q o S SKft^nfcMP L S h fSfcft 

J£, ^CAPy-h'll L. Anderson ^?tcJ:S"LDP Spe 20 
cification, available at http://www.lerf.org/inter 
net-drafts/draf t-ietf-mpls-ldp-03. txt, January 199 
9 IZ-KMHtlft^^^ 7. hV Ha-/3>7"nha 
)V (LDP) fcit/tB. Jamoussi ^{C«t-5"Constraint- 
based LSP Setup Using LDP," http://www.letf.org/in 
ternet-drafts/draft-ietf-mpls-ldp-01. txt,lrfH®$ 

a->3>7"Dh3;P (CRLDP) Sri)-*- 

[0 0 7 8] ^©^W/illJS^SUC^ViT, &CAP 30 

^JPX-fyf^iOk-* (LSR) tLTK. 
CAP*tn7 (Sfc«4>ra) LSRi LTlEfi£tlTV> 
X-;^LSRCDS*J«, iI?|r©IP 
^yft^JHc^giu LDP/tX-ky V7vZf*v 

[0 0 7 9] fpfjSftLH'— -TV >yiCScf< h77-f>>^ 
X>^XTU>^*-9-#-h-rSfe«e>tC. CRLDP* 

Tv7-tZ>1tV>\Z.®.mznz>. &CAPKJ;r)7 r-VS* 
-f X^nsfiNftlcg-^T, im/U-^a*, £©G0gg 40 
^XT-Afc-PWr©^ h/tfn^-fit SgftWT-S. 

[0 0 8 0] ^hX7*-hf l )A ,, J-Six.T> X 
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[0 0 8 1] X>Ky-X>r ; QoS^-Xr ? LSPft 

R L D P te/N- H7f- h-f >y U * >^--> 3 >CS 
t?<©T, RSVPOftbtJICCRLDP^JSiSf 

*D-rs^«e>t^ffl$nsi:^$nTv^. rsvpii 

PiaBtt*t* o , Ltd/* 

oTCRLDP*tjff*LVi. 

[0 0 8 2] Sflffl/tXlCPLT, «3 7^-^*iI P 
7B- CQh5:7<yiMj^XX hftg«-T5«-g-, 

ccdu^xx hftp^-rscAPjcsio, m 

^#J/1X \z^x^ nfc^co y — K^KiOD c a p t?& 
»>a >3>hU-)l<X%-X&\zm-3\,\T, *©CAP 
[0 0 8 3] fl/T, 7-KAWU gt?rf5#-h*t£ 

cdu^xx hft^s-rs^t*5^ft^-r§fcJ6ic, -t 
o'jy-^f-yj^Mts. <i7«i^, y-K 

A«^«fflft^*9b, -eoU^xxhft^ccoy-HlcM 
3. y-h*A^#-r«.#-hAt'J^XXr-ftj^ 
£-C£&mg£\ ;-HAIJl©iJ^X7hftgM5 

fcje>ic^©*-hft-fe^ hTyy-r-5fcJ6iCi^st$ti 
v>t, pwtx (hut*jL-^u-) ftft^-rs. 

[0 0 8 4] (1) . ^©Ui'XT.Mc^-in-S^OD 

y-H (cap) urn 

-y;Hca^v»T £ cd c a p icaarr s it#xD%im nx 

(3) yn-feX 2 »£*^T, £©:7n-ft§ttAtt-5 
^ £ co »J ^ xx h ftS5£T5 rivtx S7Dk'-73>t 
-5. I Pxn-*^ffSti5S«^ «fLv^n>A 
-^x>x^"a h n;p^-x H h >*;i/ hcrldp* 

[0 0 8 5] (4) ^©/-r ; A^T5feCAPT«7i< 
C I PT*S«^, 3>A-^i>x7n ha^— * 
h* CRLDP ^yfe-5?©«m /Uf 

-yjuic*^vvr;fccD/-h'i?t$gft#T> -tn*«#©c 

APlC?iM-rS*T. j etlft^©y-r { lC2|.5 3:i:lC^: 
S. 

(5) toCAPIt Ui7XX hft^-5^.-hL, 
CQX^PX (egress) U>^ftfhJ¥L. ^n^-y-^-hT 

^^d^if^^ftft^-rs. •y-#-h-c£fcv>t§<g\ h> 

^;H-*CRLDP><y-t->?lCj;0 'V— " ftX>h»J 

cAPicisojg-r. *5T&vJi^ Ra-r«»-&, u 

^7XXHft^©y-H 0>-^/CAP) \zm.K>. 
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[0 0 8 6] (6) :&©CAP#*WiiTVK ysOV* 

to-vfc^m-s. y-*x>h«jcAPtc^03i-r) , 

£© I Pya-\zM'T^ J tn^<D-C>^7.y^.)V 
(ingress label) S^IMST, -tn^JOSTfc?^ 
£^tr F HCRLDP^ y ±.-z?\Z J; D ^n&X 

>FU CAPJCMI*. 

(7) fcTftCAPKiOSrlO^T^tlfcX^X^ 
;p*^tr^*V-^CAP*^#fe^ CCIP7D- 10 

[0 0 8 7] _h|S©*I«^y-t->?3SSIlC«fc?), *^ 
©llCg{;: e k£->7 > -rAra:, F7>X#— F3 7£F7A* 
— XT-5XoT<-5 I P7U-l;^t'5LSP$t'y r- 
7y7~-r&. LSP£5gftb*:&> x-^a-tt&T 
<D&o\ZtS.Z>. 

[0 0 8 8] (1) COIP7n-OAy^Hl 37 

^-^?.x>i-ucap dtifcAt-r-s) K&sn 

•5. 20 

(2) ^^©lEtetevy^^icgcrvvr, y — fa 

^>j-$sc», -otfux^^ov^ifux^^Mz 
xy^yu ^toy — H^c i PTi&ss^ y — fa 
v h £#:© y - F jcais. 

[0 0 8 9] (3) t^SONETy-HH, ^DX3 

F«#tlCS:?< SONET/WT&5. 30 
(4) *T*CAP(1 ^^^©iEel^V^^^yiCJ; 

[0090] ^oTyn-f^it^^tit 

>Ky-x>H»Tfel»»|B*t l &Bis*i*. ;m«\ x> 
h'JCAPfe^I^i'-yhCAPOW. W-^25 

e>y*J:DTOrf s/^y F70— 
■i>if (queuing) CRUF'9'«*&'Cfe«. 4>W 40 

CIP&&WC, Ktl/U^-tt, fit/h© (ifeJt 

[0091] *%?g©msicj:n«, titrnmi-y^y 

KSONET/SDH»7>X#-h-f>77Xf7 

7"D r-n;u*^fflUTW;auc^n#-5. 

[0 0 9 2] lT3©WRWfc*lfi»ttfc:*V*T» »+ffc 
snfc'J 7-X7*-^ > K77D-f StffllT, 

Fu#-rs. /utyh7-y7"»rait, rniiKT so 



) &m 2001-160840 

22 

©tiNg&'fx^x-T^ F (©*•) BP 

•6, &T&7 Fl^&J;tf&g<h;*n5^i|ilT2&£, 

fc7"DtX2*W3lt ^077*D-?4'tr#-ht 

[0 0 9 3] 7t->7"1 :NMSI1 CAP S 1 ©A 
TM/I P-y-'f F^3A*7>7'Dfc*>?3X>ytit&£ii 
*. ifttt, B(T©1fffi*^-ty : (GUM>^7i- 

xici^tiK^-r-s) 

CAP S2fflY*-^>HATM/IP7Pl/X 
j^S<i:Sn^^«i|i : Z\<DM\Z&\,*T. OC- 3 C£(E 

M7j©^^-r^^3i'j >^ n-^yoif -73^>^ 
mm (i p©«-g-t*viT, 37Ix-au i/-^dipp 

P^Dlfi?3X>^^) 

mijommizMLT) i&i#-h7*Dfi?3->^f 

a. 

(M7j©^g|51C^bT) ATM/IP?^^ 

)\>-j--( >y$mzfuw 3 ->? ( I P©*-&K:*fb 

T, OSPF/RIP/BGP. ATMOf^lCMU 
T, OPSF/PNNI) 

[0 0 9 4] 7t , >7"2 : CAP S 1 ©ATM/ I P 
IMF**, CAP S2©3ff©ATM/IPV*-7 
y > h 7 F l/7.1f ® lcS"^V^T^-©7 F t'X A< >f-f 

>tfj—'7)v&&m-rz>z.}i\z&y), cap S2©*t 

jS-r^V^— ^>hNSAP7HUX*10lt5. C 
AP S2©^)Snv^-^>I>NSAP7Hl/X 

«j&"3»*i:£a«Tr*fcv»»£\ miz.mfe&i)mus\z 

SlOjgSftS. -«TrfeV»W&. XT-yT^Klittf. 

[0 0 9 5] Xf5»73 :CAP S 1 ©ATM/ I P 
iMFtt, 7*nfc:i?3Z>^$^CDSONEW 
F»Cj£-5. dn«. CAP S 2 0«*«W*«fMlltt 
* «ktfv*— > F N S A P 7 F V7. &StS. 

[0 0 9 6] Xt7 7"4 : CAP Sl©SONET+r 
-TFte> STT, CAPl'jO'f^nW bW&mWZ.<D 

m#&tt&ffi%.-rz ft © ic+^t? a 5 * f 5 #> & ft^-r 
•s. fp-cani^ ^-nrau mw^sscap s 

1©ATM/I P-9--T FtC^OMb, fLT, £©55t 

[0 0 9 7] X^--y^5 : -f >^n^.^7 F«*£«lia<;m 
K^T^-S^, SlitSn!tSONETF7t?D^-lC 
StJ^T, CAP S 1 ©SONETIM* Ftt, CAP 
S 2©SONET13-Y F KS!*r S&t? 
WTcU dtlteCAP S 2 fc»I31f *fc*lCffi«-r* 
it^TfSffflIifl/X#- h£fcJ!.Ott£;-r. fcb 
TT#ftV»»#. S*W»S**CAP S1CATM/I 
P-tM FlC^DMb, -tbTieD55feW«*tt, S^tC 
NMSlCjge.n-5. 

[0 0 9 8] Xf>v76 :fLT, CAP Sl©SO 
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-?-n«. CAPSlCATM/IP^-fHX 

[0 0 9 9] XryZf7 :*<D3:tfUX#-hftm.m& 

gtJ^T, CAP SlOSONEWKIl Eftfe© 
STS- lXUy h£^*5U ^y^-y>^yfe— 3? 10 

frS©^*^. ^O^yfe-i?li, /^Xlf^J;^ 

wntsTs- l^ny n»*t*tr. (v— x/ 

[0 10 0] Xf v^8, :*©y-K*6afl*nft* 
**«#^WT?***fr» CAP S 1 ©SONETU-f 
Htt.. ^tS^nx^^i? K*^ntf5?a>L, CA 

p s i ©atm/ i p-y--f msms/tri-y >tr\z 

«kO^SW^Dtf^ 3 x>^ff«$:SIS. fit, AT 
M/IPD-ffll «JlWt, M'J>!?Kt*J: 20 
tfATM/I P W-Vfc*tJiBf-5hUtfa.-^U-*7 p 

3^5 (£©:®^tC:j3VVTNavis) . #©/ — K#>£§ 

«snfc^d*^w-c*^ii^. cap s i ©so 

NEWHU, STS-lXD.vhfM^>t;i' 
b, 5£l$&^£CAP S 1 ©ATM/ I P"9W 
SlOigb, •t-bT^©^W^«> NMS^3«=>fc:2l 

[0 1 0 1] frffcSU V-XV^-^^hTT'n-^ 30 

>X#-^yh7-^«Di?-$WU &CAP 

^^•saMc^vvr^n&frcft/tfcfTS. s-cap 

;U— -r -f > if "r— 7 )V)ly 2 7 y 7\zM-3\,*T/tX 

;pyn-fe7.2*«tlX3JcJ;i9/1X±©ffi©y-Ki^ 40 

[0102] 012 K:*5V>T> 1 2 0 0B, * 

y h7-^7^-^>h->7,fA 1 2 0 2. -E-tl-^n 
ATM/ I P*y h>7-£ 1 2 0 843J:Z*1 2 1 0 
m-Ztlftm 1 * J; 2 ©3.— !f 1 2 0 4 *5cfctf 1 2 0 
6 l7^VibR4«. 3.— If 1 2 0 4*5 

«ttfl 2 0 6£> ATM/I P^y hi — 2 1 2 0 8*5 
W12 10 SlLTftl^nCAP 1 2 1 2*5«£tfl 

2 1 4ic&igrr5. cnn SONET/SDHv-Xt- 

A 1 2 1 6 (!) I- 7 >X#- H 7 1 X ij f -f ^©7? tX 50 



[0 10 3] ■?-©«t57S^<@iiJ^T7 p PirX«, 01 
3 ©^U**#flgbT^Tfcgft^-r*. 

£CAP 1 ©ATM/ I P"9"-f KlwiHS. dftte, «T 
©fit$8£-&tf: (GU If Tec -XK: b 

CAP2©7-^>hATM/ IPKkX 
&g<!:£ft<5?&«ig : £©*§-8-|c*5V>T\ OC-3C£ 
&S£bTV>5 

M7j ©SSSBlcfcrrsiiJl U >i> t7*n if 5? a 

fif$S (IPCDi^, 71/-AU1/- Sfc«PPP7"n 

IS 

(M7j©^§l5»C^bT) ATM/ I P7H ^Xlf S8 

;w-7 i ^>yif^yDifv'3x>^ (i p©«-&jc*fb 

T\ OSPF/R I P/BGP, ATM©«-&lC*tb 
T, OPSF/PNN I) 

, [0 10 4] 7s7-y-?2 : CAP 1 ©ATM/ I P-tM" 
KH, CAP2©M»ATM/I P7*-^>h7 

7)V*mmtZ>Z\£.\Z£.r)^ CAP S2C^t57 
^-^^>hNSAP7HUX^CJVt*. CAP 2 © 

> hNS APT K 
V>«£\ S£W&^a<NMSlC2£r)5g$n5. -€-3Tfc 

[0 10 5] 7,7-yZfZ : CAP 1 ©ATM/ I PU"-f 
Htt, 7oEs?3:r>^lt&£^©sONETlf-f KK: 

st-s. una, cap 2 ©s«iis**friii3«fctf7 

^—z/A > hN S APT PUT, ZStt. 

[0 10 6] 74 : CAP KDSONEW H 

tt, ST, CAPftco^D^ h^«"!SAtz:©5* 

&issts-r £ fc* -s *-> i* 5 * &5rr 5. 

V>*§£\ CAP 1 ©ATM/ I P"tf-f 

K-v££l$J£g£ii£Djgb, -€-bT, C©S^WJS^« 

s ■=> kin ms lessens. 

[0 10 7] Xf^7"5 : -f >^3^^7 h*^*!**;!*! 
l'jg-&T££l§£\ SfcfrSnfc SONET htfD^-K 
*cfV>T> CAPlOSONEWHIt CAP 2© 
SONEW \*\Z&M-rZ>tzif><DK7>&&-DttfcV, 

cti«, cap 2\zmm-rzitib\z&.m-cgz>*:<D3:tf 

fWM^CAP 1 ©ATM/ I p-tf-f KtriilOjgb. 
•t-tt, Jl©S5tW^¥«NMS^$e»lC2ie.n-5. 
[0 10 8] 7.7-y^fQ : -tbT, CAPIOSONE 

T-9-rh*tt, v^-rnd»©n5tstifcx^^^.#-hic^ 

ITiyi/X*- h^iS^Cl©||**ft : $r«£-r-&fc 
•?-niiS^W^S*CAP 1 ©ATM/ I P1M HICSI 
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[0 10 9] 7,=ryZfl : Z<DX.7UX^- hWmMUfi 

z<D&#&mzm&-z£zm&. m^titc/^^mz 

&^V>T, CAP 1 CSONEW Kte. f?r5£©ST 
S- lT-Dy hSr^iftU ->^±U>^^^-tr-^7D 

3nfcSTs-unyHis§ttF. (v-x/f^ 

[oiio] xfyys : #ie>;-Fft*>g.m-£nftfe 10 
ga<#5t£n?&3*§-8\ capi©sonewkh 

±V> if-TZ> z\£\z£Q wmrJu h* 5? 3 = > 
CAP 1 ©ATM/ I P-tH* HlrSIS. -f-LT, ATM 
/IP^Ktt. MU>^W+*J:ac 
ATM/ I P KtS^JStS h 'J hi-^ U - S 

MS'va'Ofian* (E©»£-|;:*V»TNivis) . 

[0 111] &®/-PfrS3M3n«£&#t$£Kr? 20 
CAPlOSONEWh'liSTS-U 
□ f hf«S*t>t;H/, j ebT53tlH)J&£F£CAP 

1CDATM/I P1M FKiSOigb, ^E-bTCKDS^W 
Jifc'S-te* Z*>\Z7sTyZf9l3.^L 1 1 Kl45V>TNM S £ 

[0 112] 2fc^©J^S^=t^giJ»M*«*M^lC 

V*— >*;<>h£teM-r£. ^©7^n- ^TT, CRL 
D P S « R S V P £©«fc 5 fcWWWPttrD h n )V 

j£b£:«k"5IC, £*1£>©:A3 hn;Hi, (*J-j£-r£Qo 

m^ftrtxm m& ASfb-r-s. 3 -> 3 >t h 5 v -> 

3 >D>hD— ;i/TJ^UXA»-ScJV»T. X>hUC 
&»b. -t-bT, AoT<5/DH3;M-yt->'l3 

[0 113] SI 4©7n— 3^ — Mi, *^§|Oll 

£J:«ID*IHb. CAP/ix©$&si, *j;tf»««oy-f 40 

5^:/ 1 4 0 2Kii#., 3>A-^i>xynhnM 

It-SOS I T.^y^.ttfTCP/ I V 7.5 v 2 <DW)j 
<D7>—>sf&£ZfiC I PC&ttSOS IXPyitO? 

[0 114] T/OirTJi, Xt'>^1 4 0 2fr<ZX ; ry 
71 4 0 4K3f|*, *y h^-^y-Hli, "IS-I 50 
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S ^-7, K h^n-i?-*- h -5^ x*a*U -" tmi 
ft-5±fE©-fe^-> 3 >KB«KlBiWb-fc*- hf^X* 
A'J-o/Dtxi:t^. Xfy7l 4-0 4fci*Vvr, 
^nirTJiX^yyi 4 0 6^1!^, &CAP^7lt 

^n&e#©raici&a/ix£«irr$. ^©ns/tx© 

©CAPtltscAPoi F7 ^uxmmoya^^ 

>if (flooding) &!&m£-rz>*sm&&$>%. &mxx 

miL7n-tX\t. "CPA/17.5IA" £V>-5=frifc©±f2 

[0115] xf-yyi 4 o 6d^e.> yu-txnxr-y 
*5£m<ommizu-?T. i s - 1 s^^si/ix^y 

-te-v*©§«{a£^-r-5. 3 6fc» CAPIt AoT< 
5fl»*8C&cTV>T. J t<D)V—7-<f >>t7—~7~)V*. 

7" 1 4 1 OlCJt*.- CAPIt TKV-XM^f 

>yy— :/;nfeautu fficcAPfciiiats&ipi: 

[0 116] .EO^n-fe^tt, ±j£b£ "^D-feXl" 

t^mmx^ommiz^m^nx^^. xf-yyi 41 

Otf'S,, 7*o-feX«XT-^y 1 4 1 2\zm&-. /— H 
-5-n*t*T5feCAP{CiiJ^-r-5STf, 3Wt-57x 

-KlCjR-T. Xf^^l 4 1 4»C^V^T, /XX_h©^« 

<ti*^ mrn^mum-^. fasTens. xf-y/14 1 
2 43<ttf 1 4 1 4CD^ , D-fex«, mmvfc "7U*.X 
2" <7>wm\z&^~x:&t)mn\zmmi£tix^z>. 
[0117] hz>T$-<> hic^v^T, ^«"li*imT«K; 

■fe^ «X 4 1 6-njI*. y-H«36T3teCAP 

yy \ 4 1 8ir*v^T. mm-rs.^^ ^mm^x 

ffi&ZIXZ. XT7/1 4 1 6*5«k^l 4 1 8097*D-fe 
±jz6bfc '7PtX3" ©iftWC:l3V>T<£DPMffl 

y7l 4 2 0 IC*3^T» X>H^il^.#S. 
[0 118] *%^O#^(0HJS^Ii©±fB©ffi««. 

^ntzmmum^zm^-r^ z. t &ML&feo-«i 
*%^©^k«, nm-zsnrcftwmxv&miz&^To 
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[0 119] 

SONET/SDH h v >7>#- 

7.*-h#-6^ra*fJfflb, A^SONET/SDHh 
7>X#-h£ I P H^^^-hiCDfflCD^Vyy* 

[0B©ffii|ifci&i5i] 

[SI] *%W©^SHcJ;Sjim^-v h«7 
:/ny^0 

[02] h7-i7XW>ho 
[S3] *%^(D^atrJ;S3im^^ h^-^CO^Dy 
[04] ffLV^>A-i?x>Xx-^yD hnJU©]|C 
[05] S- I S^l/2LSP4St^n>y 

[06] »*©i s- i snj^7^-;uKS7^-;PK 
*^-r^n>y^0 

[0 7] *&m<Dmm\z£z&<ti<ftiti s-isi/^ 

^2LSP§it@ 

[0 8 ] *5m<DWM\z£&m >f-/ >>f*r— 

[09] #&9!©Jgl!fcJ;S/tXy-— :7;|,ei 

[010] ^^rossicis^-^^x^hUf 1 — 
0 

[hi i] *&m<DWM\ziiz>xT- fx^-yim 



28 



[012] ^OSIfciSn^A-iJi^yn h 
[013] #89!<D«aK±s#*ttMdii$T:/n-fexft 

^-r->^-u^0 

[014] *%^OJiaiCj;^m«'liS!l»3^Ti:§iJ0^ 

10 0 jIMv'T.'xA 

104 -i >?*y h^O h3JP (I P) fn-iX 

10 106 *ra«Mg«*-K (ATM) 

10 8 ATMtM^ 10 8 

110, 112, 113 A* 

2 0 0 t-7-?IW>h 

2 0 2 /t^y h£&3>#-*>h 

2 0 4 ®&&.&U>tf-*>h 

2 0 6 -f h^D hafrid£zfi#mmfe%i 

2 0 8, 2 1 0 5-f H 
212 SONET U>^7 
20 2 1 4 [alS^&A^/tiJ^ 
2 1 5 ®m&mis3:)V7 

216, 218, 220 mm 

2 2 2 D-MX-f*/f37 

2 2 4 yi^73>hn-JV 

2 2 6 -f >^7i-X 

2 2 8 t>l-7M< yfN»Bt 

2 3 0 yiJP73> hn-JV 

2 3 4 ±.>h7)VX-fv^7 
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1 . Title of Invec tian 

Apparatus Aod Method Fcr Integrated Te!f ccmnio: cat ici! 

2. Claims 

Cao3 32 

1 . A telecommunications system comprising: 

a first network element which conforms to an OSI seven layer model; and 

a second network element which conforms to an OSI seven layer model, each 
5 of the elements employing a convergence protocol whereby one of the layers 
of one erf the network elements may communicate directly with a different layer 
of the other network element 

2. The system of claim 1 wherein the convergence protocol allows the transport 
layer of one network element to communicate directly with the service layer of 

10 another network element 

3. The system of claim 2 wherein the service layer is an internet protocol service 
layer. 

4. The system of claim 2 wherein the transport layer is a synchronous optical 
network (SONET) transport layer. 

15 5. The system of daim 2 further comprising a plurality of packet-switched devices 
and wherein said first and second network elements are connected to provide 
circuit-switched cross-connect tor the packet switched devices. 

6. The system of claim 5 wherein at least one of lha packet-switched devices is 
an Internet protocol (IP) device. 

20 7. The system of claim 5 wherein at least one of the packet-switched devices is 
an asynchronous transfer mode (ATM) device. 



8. 



The system of claim 4 wherein a network element is responsive to a request 
from another network element using the convergence protocol for bandwidth 
along a link by granting bandwidth to the requesting network element 
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9. The system of claim B wherein the request from one network element for 
bandwidth from another network element is effected via inter-layer, inter- 
element communications in a direct communications channel. 

10. The system of claim 9 wherein a network element monitors layer three and 
5 layer one operations. 

1 1 . In a telecommunications system including packet-switched and circuit-switched 
network elements, a mathod comprising the steps of 

(A) sending a message from one network element at one network layer; and 

(B) receiving the message of step (A) at a different network layer in a different 
10 network element. 

1ZThe method of claim 11 wherein step (A) comprises the step of: 

(A1) communicating directly from the transport layer of one network element 
with the service layer of another network element 

13. The method of claim 12 wherein the service layer Is an internet protocol 
15 service layer. 

14. The method of claim 12 wherein the transport layer is a synchronous optical 
network (SONET) transport layer. 

1 5. The method of claim 1 1 further comprising the step of: 

(C) providing circuit switched cross-connection for a plurality of packet- 
20 switched devices. 

16. The method of claim 15 wherein step (C) comprises the step of: 

(C1) providing circuit switched cross-connection for an Internet protocol (IP) 
device. 



(21) ^12 0 0 1 - 1 6 0 8 4 0 

Cao3 34 

17. The method of claim 15 wherein step (C) comprises the step of: 

(C2) providing circuit switched cross-connection for an asynchronous transfer 
mode (ATM) device. 

1 8. The method of claim 12 further comprising the steps of 

5 (D) sending a request from one network element to another for additional 
bandwidth; and 

(E) granting additional bandwidth to a network element that requests additional 
bandwidth. 

19. The method of claim 18 wherein step (D) is effected via inter-layer, inter- 
1 0 element communications in a direct communications channel. 

20. The method of claim 1 9 further comprising the step of 

(F) a network element monitoring layer three and layer one operations; and 

(G) the network element of step (F) adjusting the bandwidth of a logical pipe 
in response to changes in layer three and layer one operations. 

15 21. A method of establishing communications paths in a hybrid, circuit- 
switched/packet- switched telecommunications system comprising the steps 

of: 

(A) initializing nodes thai provide an interface between SONET/SDH transport 
and external IP transport, by running both OSI stack end TCP/IP stack; 

20 (B) initializing SONET/SDH network elements that are digital cross-connect, 
by running OSI stack; and 

(C) auto-discovering the network topology using intermediate system- 
intermediate system (IS-IS) adjacency relationships. 
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22. The method of claim 21 wherein step (C) further comprises Ihe step of. 

(D) establishing the physical topology of each node within the 
telecommunications system based on the exchange of IS-IS Link State 
Protocol Data Units. 

5 23. The method of claim 21 further comprising the step of: 

<E) establishing a logical path between a pair of CAPs. 

24. The method of claim 23 wherein step (E) further comprises the step of: 

(E1 ) the refreshing of a routing table by a CAP in response to the recaption of 
a IS-IS label switched path message. 

1 0 25. The method of claim 24 wherein step (E) further comprises the step of: 

(E2) a CAP'S establishment of an address binding table and determining the 
path information required to reach another CAP. 

26. The method of claim 23 further comprising the stBp of 

(F) passing a convergence protocol bandwidth allocation message to a 
15 destination CAP. 

27. The method of claim 26 further comprising the step of 

(G) a destination CAP'S allocation of bandwidth In response to the reception 
of a bandwidth allocation message as in step (F). 

28. The method of claim 27 further comprising the step of 

20 (H) a destination CAPs de-allocation of bandwidth in response to the 
reception of convergence protocol de-allocation message. 

3. Detailed Descripiico of lovcotioo 
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Fielp of the Invention 

The invention relates to telecommunications systems and, more 
particularly, to the integration of circuit switched and packet switched 
5 telecommunications services. 

Backqround of the Invention 

The explosive growth in the use of high-speed data transmission and the 
demand for differentiated data services strain the ability .of existing 
telecommunications systems, a somewhat awkward marriage of circuit switched 
10 and packet switched systems, to meet the surging demand, both today and into 
the future. Conventional data communications systems which employ the ptf>licly 
switched telephone network combine circuit switched TDM-based transport wfth 
best-effort packet switching, such as internet protocol (IP) switching, to effect data 
transmission in a manner that emphasizes maximum link utilization. 

1 5 Telecommunications links may be established in a number of ways, with 

different advantages accruing to different methods of connection. The direct 
connection of two or more channels between two instruments, a connection that 
provides a user with exclusive use of the channels to exchange information, is 
referred to as a circuit switched, or line switched, connection. Circuit switching is 

20 a technique which yields highly reliable service and is particularly suitable for such 
"real time" communications applications as voice, in which the momentary loss of 
a channel is annoying, and repeated such losses are unacceptable. Circuit 
switching is also employed for highly reliable leasecMine services. Electronic 
switching systems, such as the 5ESS may interconnect a multitude of telephone 

25 instruments through circuit switching, employing time division multiplexing (TDM), 
for example. In order to ensure that end-users receive the appropriate quality of 
service, the switches typically monitor and periodically test the activity of the trunk 
lines that carry the channels being switched. If a communications error occurs, the 
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switch may employ a "loopbadc" to isolate, or determine the exact location of v the 
system component that caused the error. Once the failure is isolated , the system 
may reconfigure itself so that data may be routed around the failed system 
component, through a loopback, or take other corrective measures. TDM transport 
5 networks provide an assured level of performance and reliability. Technologies, 
such as Synchronous Optical Network/Synchronous Digital Hierarchy 
(SDH/SONET) may be employed in the transport infrastructure to provide high- 
capacity transport scalable to gigabit per second rates, with excellent jitter, 
wander, and error performance for voice connections and leased-line applications. 
10 SONET/SDH setf-healing rings enable service-level recovery within tens of 
milliseconds following network failures. 

Packet switching may be employed to maximize the utilization of 
telecommunications links, such as leased circuit-switched lines. With the packet 
switching approach, data is transmitted in packets, and the communications 

15 channel is only occupied for the duration of a packet's transmission. After the 
transmission, the channel is available for use by packets being transferred 
between other instruments. The links are statistically mirtliplaxed to achieve 
maximum link utilization and are typically carried on leased circuits through the 
TDM transport network. Packet-switched systems often employ Internet Protocol 

20 (IP) transport methods to route packets from a source to a destination. Such 
systems generally employ "best-effort" techniques to deliver the packets and they 
generally lack the means to guarantee high reliability and predictable 
performance. Although statistical multiplexing yields high link utilization, the best- 
effort service provided by IP data networks is accompanied by unpredictable 

25 delay, jitter, and packet loss. 

Although existing IP data networks provide excellent connectivity, they do 
not enable controllable distribution of network resources among the various 
service providers employing the IP data network to provide data transmission 
services to end users. That is, through a provisioning process that typically 
30 requires the intervention of craft workers, a process that takes place relatively 
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infrequently, the TDM-based transport services provide fixed bandwidth 
communications channels for each service provider. Since packet data traffic is 
inherently irregular, with bursts of heavy utilization followed by periods of relative 
inactivity, the fixed bandwidth "pipes' of TDM transport limit the flexibility with 
5 which transport users, such as IP data transport service providers, can respond 
to variation in demand from their end-users. Service providers must rely upon the 
good behavior of end users, who must scale back their transmissions during 
periods of heavy congestion. The well-known "tragedy of the commons" teaches 
that such reliance on the cooperative good behavior of a large group of users may 
10 not be a reasonable approach in the long run. This is made particularly clear in 
light of some applications, such as streaming video, that tend not to cooperate in 
scaJing back traffic during periods of high usage. 

Additionally, since the service layer and transport layer are separated In 
such a multi-layered dual architecture (circuit switched transport/IP) 

1 5 telecommunications system, transport management is segregated into separate 
operation and maintenance functions. In turn, this segregation of operations and 
maintenance functions generally requires the coordination of separate 
organizations and renders the process of end-to-end provisioning of a channel a 
difficult task. Such provisioning requires an Inordinate amount of expertise and 

20 time, complicates the task of traffic engineering, and, as a result, the quality of 
service suffers while, at the same time, the transport core is underutilized. 

A system and method which provide network infrastructure support to 
provide differentiated service guarantees and corresponding service level 
agreements to service providers, while taking advantage of both the high quality 

25 of service provided by circuit switched systems and the high utilization afforded 
by packet switched systems, would be highly desirable. Additionally, it would be 
highly desirable for such a system to dramatically increase, and maximally share, 
backbone network infrastructure capacity, and provide sophisticated service 
differentiation for emerging data applications, at least in part by dynamically 

30 managing the transport core bandwidth. 
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In short, a system which exploits the fast restoration, proven stability, low 
cost and low transport latency of SONET/SDH transport networks and bridges the 
gap between SONET/SDH transport and IP transport to thereby minimize 
operation cost and facilitate traffic engineering, would be highly desirable. 

5 Summary 

A telecommunications system in accordance with the principles of the 
present invention includes a convergence protocol that provides efficient inter- 
layer communications between nodes within the network. For example, the 
convergence protocol permits the transport layer of one network node to 

10 communicate directly with the service layer of another network node. In an 
illustrative embodiment, the service layer is configured as an internet protocol (IP) 
layer, which may employ asynchronous transfer mode switching, and the transport 
layer is a SONET transport layer. Each of the nodes may be a 
telecommunications element such as an add-drop-mulUplexera (ADM) or a digital 

15 cross connect for example. This Inter-layer communication is achieved through 
a layer-1 pass through operation. 

In one aspect of the invention, SONET bandwidth provisioning, which 
heretofore has been static, is rendered flexible. Additionally, the division between 
transport and service is eliminated. This increased flexibility, in turn, provides 

20 support for differentiated service guarantees and corresponding service level 
agreements. The system provides the high quality of service typical of circuit 
switched systems, and, at the same time, features the high utilization of a packet 
switched system. A system in accordance with the principles of the present 
invention merges IP transport and SONET/SDH transport through a novel 

25 convergence protocol. The flexibility provided by this approach permits dynamic 
management of a link's internal transport bandwidth thereby accommodating 
bursty traffic at minimal cost, with little end-to-end latency. For example, given 
one channelized interface, such as a 40C12C based OC48 link, with conventional 
static provisioning the termination of each tributary is fixed for extended periods, 
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often months. But, In accordance with the principles of the present Invention, the 
termination point of a tributary may be dynamically altered to accommodate a 
service provider's run-time needs. Consequently, the potential re-configuration 
period may be reduced from months to minutes, or even seconds. 

5 In accordance with the principles of the present invention a 

communications network employs a protocol hereinafter referred to as the 
convergence protocol, which encapsulates the SONET/SDH transport details and 
which permits internal bandwidth to be managed on the fly to accommodate 
varying service demands. As a result, In general, data service providers need no 

10 concern themselves with the internal details of transport network infrastructure 
because of the smooth interface between external Internet backbone and 
SONET/SDH transport backbone. The SONET/SDH transport backbone may 
adaptrveiy rearrange its internal bandwidth thus permitting automated end-to-end 
provisioning. One or more network elements are configured as core access points 

1 6 (CAPs) to provide an interface between SONET/SDH transport and external IP 
transport. 

Brief Description of the Drawings 

The above and further features, aspects, and advantages of the invention 
will be apparent to those skilled in the art from the following detailed description, 
20 taken together with the accompanying drawings in which; 

Figure 1 Is a conceptual block diagram of a communications network in 
accordance with the principles of the present invention; 

Figure 2 is a conceptual block diagram of a network element in accordance 
with the principles of the present invention; 



25 



Figure 3 is block diagram of a communications network in accordance with 
the principles of the present invention; 
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Figure 4 is a diagram of a protocol data unit in accordance with the 
principles of the new convergence data protocol; 

Figure 5 is a block diagram illustration of a conventional IS-IS level 2 LSP; 

Figure 6 is a block diagram illustration of a conventional IS-IS variable field 
5 length field; 

Figure 7 is a diagram of an enhanced IS-IS level 2 LSP in accordance with 
the principles of the present invention; 

Figure 6 is a binding table diagram in accordance with the principles of the 
present invention; 

10 Figure 9 is a path table diagram in accordance with the principles of the 

present invention; 

Figure 10 is a header entry table diagram in accordance with the principles 
of the present invention; 

Figure 1 1 is a status table diagram in accordance with the principles of the 
15 present invention; 

Figure 12 is a conceptual block diagram of a communications system which 
employs a convergence protocol in accordance with the principles of the present 
invention; and 

Figure 13 is a scenario diagram of a bandwidth allocation process in 
20 accordance with the principles of the present invention. 



In the conceptual block diagram of Figure 1 a telecommunications system 
100 including both packet switched and circuit switched components operates in 
accordance with the principles of the present invention. At the transport layer one 
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or more SONET/SDH network elements (NE1, NE2, and NE3 in this illustrative 
embodiment) provide the circuit-switched cross connect for packet switched 
devices such as internet protocol (IP) device 104. asynchronous transfer mode 
(ATM) device 106, and and ATM device 108. The IP device 104 and ATM devices 
5 106 and 106 may be a combination of one or more devices that could be arranged 
in a ring topology for example. The system 100 is shown with only a limited 
number of devices In order to simplify the exposition end understanding of the 
invention. Two cross-connect paths, 1 10 and 1 12, between the IP device 1 04 and 
ATM device 106 and between the IP device 104 and the ATM device 108, 

10 respectively, provide the specific circuit switched paths across the SONET/SDH 
transport layer. Each path may transit a plurality of SONET/SDH network 
elements and may share the bandwidth through each of those elements with other 
paths not shown in Figurel. A service provider may provision a portion of the 
bandwidth on each of the paths 1 10 and 1 12 for use by customers who wish to 

1 5 transmit data between the IP device 1 04 and the ATM device 1 06 and between 
the IP device 104 and the ATM device 108, for example. 

The layers cfiscussed hereinafter refer to OSI layers, which are known and 
discussed, for example, by Ming-Chwen Chow, 'Understanding SONET/SDH* 
AN DAN Publisher, Holmdel, IMJ pages 2-31 through 2-32, which is hereby 

20 incorporated by reference. Unlike conventional systems in which inter-layer 
communications are restricted to intra-element communications, a 
telecommunications system in accordance with the present invention may perform 
inter-layer communications between network elements. That is, the service layer 
of a network element such as NE1 may communicate with the transport layer at 

25 network element NE2. As will be described in greater derail below, this 
communications path permits a network in accordance with the principles of the 
present invention to re-provision the paths 110 and 112 to accommodate changing 
bandwidth demand along the paths. This is in contrast with a conventional system 
wherein the provisioning is static and manual. That is, in a conventional system. 

30 a service provider, such as AOL, would have to request re-provisioning by the 
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transport service provider, such as AT&T, and which would require the 
intervention of craft workers. Such re-provisioning and would typically take place 
only a few times each year. 

In accordance with the principles of the invention if, for example, the path 
5 1 10 is provisioned for a given transmission rate and a surge in demand occurs for 
the link between NE1 and NE2, the network element NE1 may directly request of 
the network element NE3 sufficient bandwidth to supply data to NE2 along paths 
112 and 113 from NE1 to NE2. This immediate provisioning is accomplished 
through a direct inter-layer and inter-element communications in the direct 
1 0 communications channel (DCC) as described in greater detail below. 

Each of the network elements NE1, NE2, and NE3, of Figure 1 could 
operate as a CAP, thereby permitting SONET transport for packet-switched 
networks such as those which employ Internet Protocol. A front-end aggregating 
router may be consolidated with an entry CAP, so packet level traffic may be 
served by an entry CAP. Additionally, because each CAP has the capability to 
monitor both layer-3 and layeM operations, each CAP also has the ability to re- 
arrange the size of individual logical-pipes "on the fly* (through exchanging 
Convergence Protocol message with other nodes). Consequently, the inventive 
system can adaptively adjust the bandwidth to optimize pipe-utilization, and, at the 
same time, improve service for best effort delivery traffic based on each CAP's 
performance monitoring. It may also adjust the bandwidth arrangement based on 
input from a centralized network management system which collects the global 
network traffic statistics. 

The conceptual block diagram of Figure 2 illustrates the interconnections 
25 between the packet-switched 202 and circuit switched 204 components of a 
network element 200 in accordance with the principles of the present invention. 
The packet-switched component 202 includes an internet protocol and 
asynchronous transfer mode switch 206 that is operativety connected to line cards 
208 and 210. The line cards 208 and 210 are connected through SONET links 212 
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to the circuit switched section 204 through the drcuit switched Input/output 214 
of a circuit switched shelf 216. The circuit switched section 202 may include a 
plurality of local switch fabrics, or circuit switched shelves, such as fabrics 216. 
21 8 and 220. Each of the fabrics may include I/O, such as I/O 21 4 and 216 of the 
5 fabric 216, a local switch core 222, shelf control 224, and an interface 226. The 
interface 226 provides communications between the local switch fabric and a 
central switch fabric 228. The central switch fabric 228 Includes shelf control 230, 
an interface 232 for each of the local fabrics, and a central switch core 234. 

A network element such as the network element 200 off Figure 2 may be 
1 0 employed as an interface between drcuit switched and packet switched networks. 
When the network element is used in this manner, it win be referred to as a core 
access point, hereinafter. The network 300 illustrated in the conceptual block 
diagram of Figure 3 indudes core' access points 302 and 304 which provide an 
interface between the IP transmissions of elements 306 and 308 and the SONET 
15 transport of elements 310. 312, 314, and 316. That is, transmissions among the 
network elements 310. 312, 314, 316, 302, and 304 are SONET/SDH transport 
transmissions, and transmissions among network elements 302, 304, 306, 307, 
and 308 are IP transmissions. 

In accordance with the printiples of the present invention, network 
20 elements that operate as core access points do so In conjunction with a new 
protocol that will be referred to hereinafter as the "convergence protocol'. The 
convergence protocol encapsulates the OSI stack . The convergence protocol 
data unit format is illustrated in Figure 4. The data unit comprises a five byte 
header and variable length fields. The header indudes a one-byte convergence 
25 protocol discriminator, a one-byte length indicator, one byte that is split between 
length Indication and version number, a one-byte protocol data unit type indicator, 
and a checksum. Each protocol stack has its own layer structure. For example, in 
OSI there are seven layers: Physical, Link, Network, Transport. Session, 
Presentation, and Application. In this illustrative embodiment, the new protocol is 
30 positioned at the Application layer and the length indicator indicates the total 
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length of the associated protocol data unit (PDU), in bytes. This number may nor 
exceed 4K in this illustrative embodiment. The PDU type indicator may be used 
to denote any one of 258 PDU types, each of which has its own format associated 
with it The checksum byte is stores the checksum for the PDU. 

5 As noted, the PDU may be any of 256 types, Including: 

PDU Type; 00000000 Function: Pith Caching 

The corresponding Variable Length Fields include the following: 



10 



Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 

The 1* intermediate node NSAP address: 20 bytes 



The k* intermediate node NSAP address: 



20 bytes 



The last intermediate node NSAP address: 20 bytes 



15 



PDU Type: 00000001 



Function: Path Caching Confutation 



The corresponding Variable Length Fields include the following: 



Source node NSAP address: 



20 bytes 



Destination node NSAP address: 



20 bytes 



20 



Response value: 



1 byte 



(Value: YES = 1 / NO = 0) 
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PDU Type: 00000002 . Function: Path Removal 

The corresponding Variable Length Fields include the following: 

Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 

5 

PDU Type: 00000003 Function: Bandwidth Allocation 

The corresponding Variable Length Fields include the following: 

Source node NSAP address: 20 bytes 
Destination node NSAP address: 20 bytes 
10 No. of STS-1 Slots: 1 byte 

STS-1 Slot No.: length determined by previous field 

PDU 1>pe: 00000004 Function: Bandwidth Allocation 

Confirmation 

1 5 The corresponding Variable Length Fields include the following: 

Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 
Response value: 1 byte 

(YES-1/NO = 0) 



(34) ftffl 2001-160840 

Cbo 3 12 

PDU Typo: 00000005 Function: Bandwidth De-allocation 

The corresponding Variable Length Fields include the following: 

Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 

5 No. of STS-l Slots; 1 byte 

STS-1 Slot No.: length determined by previous 

field 

PDU Type: 00000006 Function; Tunneled OSPF 

10 The corresponding Variable Length Fields includes the following header 

Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 
With original OSPF message which includes the following five type messages: 

Hello 

1 5 Database Description 

Link State Request 
Link State Update 
Link State Ack 

Note: The assumption is that OSPF-2 is supported. OSPF-2 is discussed, for 
20 example, in J.Moy, n QSPF R2.0, IETF RFC2328, ftp^/ftp.isi.eduTirv 

notes7rfc2328.txt April 1996, which is hereby incorporated by reference in its 
entirety. 
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PDU Type: 00000007 Function: Tunneled MPLS LDP 

The corresponding Variable Length Fields includes the following header 
message; 

Source node NSAP address: 20 bytes 

5 Destination node NSAP address: 20 bytes 

with the original LDP message which includes the following five type 
messages: 

LDP-REQUEST: Label Request Message 

LDP-MAPPING: Label Mapping Message 

10 LDP-WITHDRAW: Label Withdraw Message 

LDP-RELEASE: Label Release Message 

LDP-NAK: LDP Notification 



PDU Type: 00000008 Function: Tunneled MPLS CRLDP 

1 5 The corresponding Variable Length Fields includes the following header 
message: 

Source node NSAP address: 20 bytes 

Destination node NSAP address: 20 bytes 

with the original constrained based routing label distribution protocol (CRLDP) 
20 message which includes the following messages: 

CRLDP-REQU EST: Label Request Message 

CRLDP-MAPPING: Label Mapping Message 

In this illustrative embodiment, the Label Withdraw, Label Release and 
Label Notification messages used in LDP may be used for CRLDP directly. 
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As previously mentioned the invention may be employed using SONET or 
SDH. For the convenience and clarity of exposition, the following exemplary 
embodiments will be described in terms of SONET, using SONET-related 
terminology, such as STS-N, but may be extended to SDH embodiments by one 
5 of ordinary skill in the art 

1. Initialization 

1.1 Intermediate System-Intermediate System (IS-IS) based topology Auto- 
discovery: 

At initialization, assuming each CAP node has been provisioned with 
1 0 network service access point (NSAP) address and IP address, the CAP node runs 
both OSI stack and TCP/IP stack Correspondingly, each core intermediate point 
(CIP) node (a SONET/SDH network element that is strictly digital cross-connect 
system (DCS) and serves as part of SONET/SDH transport) is provisioned with 
NSAP address, and runs only OSI stack With Level 2 IS-IS supported, multiple- 
15 area based infrastructure is supported and (he full 20-byte NSAP is used. Any 
variety of physical network topology, such as single-ring, ring-based mesh inter- 
connection, mesh based topology, eta, may be employed with the new, 
convergence, protocol. Irt one aspect of the invention the topology of this virtual 
aulonomous system may be auto-discovered by establishing the IS-IS adjacency 
20 relationship based on an exchange of IS-IS HELLO message, then, establishing 
the physical topology of each node, including CAP and CIP, based on the 
exchange of IS-JS Link State PDU (LSP). 

1.2 CAP path establishment 

Each CAP node serves as gateway tor this virtual autonomous system. 
25 Each CAP establishes neighbor relationships with external routing neighbors 
through either an interior gateway protocol (IGP) or exterior gateway protocol 
(EGP) routing message. After establishing neighbor relationships, the CAP then 
obtains external route reachability information through a routing update message. 
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Each CAP pal- establishes an internal logical path. Thai is, although there may ba 
one or more intermediate nodes between CAPs each CAP establishes the logical 
path to the other CAP by discovering the other CAP'S node address. To establish 
the logical path, IS-IS communication is enhanced as follows. Conventional IS-IS 
5 communication is described in, "Intermediate System To Intermediate System 
Intra-domain Routing Exchange Protocol For Use In Conjunction With The 
Protocol For Providing The Connectionless-mode Network Service (IS08473)", 
ISO DP 10589, which is hereby incorporated by reference in its entirety. 
Conventional IS-IS Level 2 LSP exhibits the format illustrated in Figure 5. 

10 In accordance with the principles of the present invention, the format of 

Figure 5 is employed, thereby maintaining compatibility with the existing IS-IS 
stack. However, the Variable Length Fields are expanded so that each CAP can 
flood its IP address information to the other CAPs based on IS-IS LSP update. 

The IS-IS level 2 LSP Variable Length Field format is illustrated in the 
15 diagram of Figure 6, h which one byte describes the code, one byte describes the 
length of the field and the remainder, the value. 

In accordance with the principles of the present invention, two CODEs, 
CODE 15 end CODE 16, are used to support IP-V4 and IP-V6 address 
announcement, as illustrated in the enhanced IS-IS level 2 LSP variable length 
20 field diagram of Figure 7. CODE 15 is used to advertise IP-V4 address and CODE 
16 is used to advertise IP-V6 address. During the period of IS-IS LSP update, 
each CAP will advertise its management IP address (either IP-V4 or IP-V6) based 
on enhanced IS-IS LSP, and each CIP will ignore the enhanced IS-IS LSP field. 
In response to the reception of an enhanced IS-IS LSP a CIP will process the 
- 25 PDU conventionally; a CAP will additionally refresh its routing table, based on the 
incoming information. If the incoming data includes a new IP address, the CAP 
adds a new entry to its address binding table, as indicated in the binding table 
diagram of Figure 8. If the new addressed received by a CAP is the address of 
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another CAP, the process, in which the assumption is that each CAP will only 
advertise its IP management address to another CAP, proceeds as follows: 

PROCESS 1, Logical Path Establishment 

{Denoting the current node as A, which just received IP address from another CAP 
5 node: B) 

Step 1: Find the sender's NSAP address associated with IP address of node B 

Step 2: Discover the physical path between A and B based on IS-IS routing table look- 
up, record the path information 

Step 3: Send the Convergence Protocol Path Caching message down this physical 
1 0 path, inside this message, source node is A, destination node is B r It also 

contains the NSAP address of intermediate nodes. 

Step 4: For each node along the path, after receiving such Path Caching message, refresh 
its path information table: if there is no entry between A and B so far, add new 
entry; otherwise All next node's NSAP Information in the corresponding entry. Each 
15 entry of this path table should be of the format illustrated in the path table diagram 

of Figure 9. 

Step 5: Determine whether if s the final destination or not 

If NO, strip its own NSAP address from Path Caching message, 
and pass this modified message to next node. 

20 if YES, record that it has received path information from Source A. 

Double check whether it has a path to reach A: 

if YES, send the Path Confirmation message back to Source 

A. 

If No, based on A's NSAP address as contained in the 
25 received message, generate physical path to reach A based 

on IS-IS routing table look-up, send its own Path Caching 
message to A (source node is B. destination node is A, it 
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also contains the NSAP address of intermediate nodes), 
then send Path Confirmation message back to Source A. 

Note: In this case, each Intermediate node is guaranteed to 
receive path Information from B to A first, then process 
5 (forward) Path Confirmation message received later. 

Through the above process, each CAP not only establishes its own 
address binding table, but also obtains the path irifbrmation to reach the other 
CAPa. 

In accordance with the principles of the present invention, statically- 
1 0 provisioned internet channels are used to satisfy bursty-traffic through a dynamic 
bandwidth management mechanism. The dynamic bandwidth management 
mechanism includes resource management structures, such as a new header 
table and status table, and processes that a CAP may use to respond to various 
bandwidth requests. The mechanisms and processes used to provide dynamic 
15 bandwidth management will be discussed in greater detail in relation to Figures 
10 and 11. 

For both CAP and CIP nodes, there is resource table associated with each 
link in case one physical (ink is associated with one wavelength. In case WDM is 
deployed, there is resource table entry associated with each X. The attribute of 
20 this resource table includes the address information of its neighbor, and the 
physical status of each of its STS-1 tributaries, here assuming the SONET 
network element is equipped with STS-1 level cross-connect capacity. 

This treatment of resource tables makes the new protocol suitable for 
application with single wavelength based optics (such as nowadays' SONET/SDH) 
25 and with multiple wavelength based optics. In the 1st case, each link is associated 
with one entry at resource Header Table, and in the 2nd case, each wavelength 
is associated with one entry at resource Header Table. 
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The header information for each node is organized as a table, as illustrated 
in Figure 10, and each entry in this table is associated with one link or associated 
with one wavelength. The format for each entry is illustrated in Figure 1 0. For each 
entry in this table, at initialization time, NSAP address field is provisioned as the 
5 neighbor's NSAP address, the Available Bandwidth field is provisioned as the 
physical capacity of this link/wavelength, or the number of STS-1 it can support 
And STS-1 Array Pointer is initialized at run-time which points to the physical 
starting address of corresponding STS-1 array associated with this header table 
entry. 

1 0 A Convergence Protocol based transport network In accordance with the 

principles of the present invention may employ equipment is compatible with and 
existing SONET equipment. Consequently, the existing SONET restoration 
approach such as UPSR and BLSR can be directly applied Additionally, with a 
routing/LSR function in each CAP, the latest MPLS based restoration approach 

15 may also be used rf an end-user prefers protection granularity at IP flow level 
instead of SONET path/line level. So in general, the new transport network 
architecture offers a variety of protection switching solutions. 

The format of STS-1 Status Table entry is illustrated in the diagram of 
Figure 11, in which "Free Status" indicates whether this STS-1 slot has been 
20 allocated, the destination NSAP Address indicates whafs the corresponding 
destination address for this tributary, and Available Bandwidth indicates the 
available bandwidth Inside this STS-1 slot 

In accordance with the principles of the present invention, at run-time each 
CAP may receive various formats of Bandwidth Request, which may come 
25 explicitly from service provider through SNMP command, or impl icttty from MPLS 
label switching path setup process. These requests may be classified into two 
different categories: bandwidth allocation and bandwidth deallocation. Associated 
with each request, information including IP Destination Address and bandwidth is 
provided In response, a CAP in accordance with the principles of the present 
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invention may allocate or de-allocate bandwidth as described below. Either of the 
described processes may be used to serve as an explicit SNMP provisioning 
command Additionally, either process may be used to support dynamic allocation. 
The dynamic allocation may be used to support applications such as MPLS 
5 explicit routing, for example. 

STS-1 level bandwidth dynamic-allocation: 

Note: here the bandwidth requirement should be N times of STS-1. 

PROCESS 2: 

For initiating a CAP node* 

10 Step 1: Receive IP destination address. 

Step2: Find corresponding NSAP address through Address Binding Tebte. Then 
based on Path Table, find the physical path to reach the next CAP. 

Step3: Rnd next intermediate node's NSAP address based on information obtained 
from Path Table, Denote it as node B, Check the resource Header Table to 
15 find out the link which satisfies the following conditions: 

The Neighbor of this ink is B 

The available bandwidth for this link exceeds the bandwidth as 
required 

If there Is no such link, Respond NO. 

20 Step* Send Convergence Protocol Bandwidth Allocation massage to the nexl 

node, the message Includes the source node NSAP address, the 
destination node NSAP adctoss, required bandwidth, and Identified STS-1 
slots. Then wait for confirmation message from next node. 

StepS: Gel the Bandwidth Allocation Confirmation message from the next node. 

25 If YES, modify corresponding resource Header Table and associated STS-1 
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Status Table to reflect the bandwidth allocation. Provision the corresponding 
framer. Respond YES. 

If NO. respond NO. 

For intermediate CIP node and destination CAP node: 

Step 1: After receiving Bandwidth Allocation Message from previous node, check 
whether ft is the final destination or not. 

If YES, respond YES through Bandwidth Allocation Confirmation message 
to previous node and provision corresponding STS-1s as path termination 
so that traffic inside this group of STS-1a wfil be processed by packet 
switching fabric, provision the corresponding framer. 

StepZ- Otherwise, it's not the final destination. Through path table, find out the 
NSAP address of the next, denote it as N. 

Step3: Check the resource Header Table to find out the link which satisfies the 
following conditions: 

The Neighbor of this link is N 

The available bandwidth for this link exceeds the bandwidth as required 

If there Is no such link. Respond NO through Bandwidth Allocation 
Confirmation message. 

Step* Forward Convergence Protocol Bandwidth Alocation message to the next 
node, the message includes the source node NSAP address, (he destination 
node NSAP adckeas, required bandwidth, the 6TS-1 No. the current node 
allocated. Then wait for confirmation message from next node. 

SfepS: Get the confirmation message from next node. 

If YES, modify corresponding resource Header TaMe and associated 6TS-1 

Status Table to reflect the bandwidth allocation. Setup corresponding cross- 
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connect between STS-1 slots as specified by previous node and STS-1 slots 
it allocated, record this Information in cross-connect table and respond YES. 



If NO, respond NO. 

5 

PROCESS 3: STS-1 level bandwidth deallocation: 

For an initiating CAP node: 

Step 1: Receiving IP destination address. 

Step* Find corresponding NSAP address of the given IP address through Address 
10 Binding Table. 

Step3: Find next intermediate node's NSAP address based on information obtained 
from The Path Table, Find out STS1s allocated to reach the corresponding 
NSAP from the resource Header Table and associated STS-1 Status Table, 
choose exact No. of them based on the given requirement 

15 Step4: Send Convergence Protocol Bandwidth De-allocation message to the next 

node, the message includes the source node NSAP address, the destination 
node NSAP address, released bandwidth and those Identified STS-1 slots. 

StepS: Moony corresponding resource Header Table and associated STS-1 Status 
Table to reflect the bandwidth da-allocation, re-provision the framer to de- 
20 allocate this group of STS-1, 



For an intermediate CIP node and destination CAP node: 

Step 1: After receiving Bandwidth De-allocation Message from previous node, 
check whether tt Is the final destination or not 



25 



If YES, re-provisioning the framer of those STS-1 as contained in 
the morning message. Return. 
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Stepi Otherwise, not the final destination. Through path table, find out the 
N8AP address of the next, denote it as N. 

Step3: Based on cross-connect table, find out the correspond*^ STS-1 cross-entry. 

Find the corresponding egress STS-1 skit entry and delete these cross- 
5 connect provisions. 

Step4: Forward Convergence Protocol Bandwidth De-allocation message to the 
next node, the message includes the source node NSAP address, the 
destination node NSAP address , the required bandwidth and those 
identified STS-1 slot No. then return. 

10 The topology discovery and dynamic bandwidth allocation just desribed 

may be used to establish and and-to-end multiprotocol label switched (MPLS) 
path that provides for minimal blocking. In order to support QoS enhanced MPLS, 
each CAP node should also support Label Distribution Protocol (LDP), as 
described in, L Anderson et al, "LDP Specification, available at 

15 http:/Avww.tetf.or^nter^ January 1999, and 

Constrained Routing Label Distribution Protocol (CRLDP) as discussed in, 
B.Jamoussi, et al r "Constraint-based LSP Setup Using LDP," 
http:/A/vvA*.ler/.o^ both of which are 

hereby incorporated by reference in their entirety. In this exemplary embodiment 

20 each CAP acts as a Label Switching Router (LSR). If one assumes that the CAP 
is positioned as core (or intermediate) LSR, the responsibility of edge LSR 
converts the conventional IP header into a label and initiates the LDP Path setup 
message. 

To support explicit routing based traffic engineering, a CRLDP message is 
25 used to explicitly setup a Label Switching Path. Based on information advertised 
by each CAP, en external router will have clear topology information about this 
virtual autonomous system. Consequently, the external router is capable of setting 
a path traversing this virtual autonomous system. 
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Beyond best-effort delivery, in order to support end-to-end QoS label 
switching, a system in accordance with the principles of the present invention 
sends traffic contract associated with the corresponding IP flow along the explicit 
path. As a result, each node along the path can decide in advance whether K can 
5 support or deny the traffic contract request 

The process used to set up end-to-end QoS based LSP follows. It is 
. assumed that CRLOP is used to reserve bandwidth instead of RSVP, since 
CRLDP is based on hard-stale implementation. Since RSVP is based on soft-state 
protocol implementation, periodic state-refreshing may consume formidable 
1 0 bandwidth and computing, and CRLDP is therefore preferred. 

Regarding the control path, when an externa! core router receives the IP 
flow's traffic request, core router forwards this request to an adjacent CAP, 
denoting it as A,if next node, as indicated in the explicit path, is an adjacent CAP. 
Node A then generates the equivalent bandwidth needed to reach next CAP, 

15 based on the given traffic contract and the Connection Admission Control 
mechanism. Node A then looks up its resource table to determine whether existing 
ports can satisfy this request or not If Yes, Node A reserves the bandwidth and 
forwards the request to next node. On the other hand, if Node A's existing ports 
cannot satisfy the request, Node A calculates the closest No. of STS-1 needed to 

20 setup a new port to satisfy this request, then determines the internal path 
(tributary) based on: 

(1) . Next Node (CAP) information contained in the given request 

(2) . Physical path to reach this CAP based on Address Binding Table and 
Path Table 



25 (3) Based on Process 2 Node A either provisions the path to accept this 

flow 
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or denies this request If this IP flow can be accommodated, the new 
Convergence Protocol-based Tunneled CRLDP message is sent to next 
node. 

(4) If the next node is CIP (instead of destination CAP), after receiving 
5 Convergence Protocol based Tunneled CRLDP message, it will get the 

next node information based on path table, and forward it to next node, 
until it reaches the next CAP. 

(5) The next CAP terminates the request, calculate its egress link, 
determines whether it can support it or not If not, sends "No M back to entry 

10 CAP through Tunneled CRLDP message Otherwise, forward request to 

next node (router/CAP), if any, and wait for the response. 

(6) After the next CAP gets the response (assuming positive, otherwise, 
forward NO back to the entry CAP) which includes the egress label, 
allocates its own ingress label for this IP flow, forward it to entry CAP 

1 5 through Tunneled CRLDP message including the label it allocated. 

(7) After source CAP gets the response which includes the egress label 
allocated by destination CAP, allocates its own ingress label for this IP 
flow, forward it to the external core router. 

Through the above control-message exchange, a system in accordance 
20 with the principles of the present invention sets up the LSP for the incoming IP 
flow traversing transport core. After establishing the LSP, the data flow is as 
follows. 

(1 )The packet of this IP now is sent to entry CAP (denoting it as A) from 
the core router. 

25 (2) Based on label exact matching, node A finds the corresponding internal 

channel/tributary to be used, swaps the ingress label info the egress label, 
and, if the next node is a CIP, Node A forwards the packet to next node. 
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(3) An intermediate SONET node passes the packet through this internal 
channel via the cross-connect fabric This internal channel is a SONET 
path based on a cross-connect fabric that is established via the new 
convergence protocol signalling. 

5 (4) The destination CAP terminates the internal channel/tributary via label 

exact matching, swaps the ingress label into egress label and sends the 
flow to next LSFL 

Using this approach provides a flexible, bandwidth-adaptive backbone. 
Additionally, minimal end-to-end latency is needed, since only the entry CAP and 
10 exit CAP involve layer 2 label swapping and related packet flow queuing. 
Additionally, in the intermediate CIPs, layer-1 pass-through gives the minimal 
(deterministic) traversing latency. 

In accordance with the principles of the invention, a banc\vkith-orMiernand 
SONET/SDH transport infrastructure may be effected using the new convergence 
15 protocol as set forth below. 

In one illustrative embodiment, one which employs a centralized resource 
management approach, a network management system triggers bandwidth 
allocation. During the path-setup period, it sends the following information to the 
initiating node (only): the destination address and required bandwidth. Then 
20 Convergence Protocol is used to exchange bandwidth information among nodes 
along the path. Processes 2 and 3, as described above, can be used to suppon 
this approach. 



Step 1: NMS sends physical path provisioning information to ATM/IP side of CAP 
25 S1, which includes the following information: (assuming through QUI interface) 



Management ATM/IP address of CAP S2 
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Bandwidth required; in (his example, assuming OC-3C 

Logical link layer provisioning info/mation (In IP case. Frame-relay or PPP 
provisioning information) for bolh ends 

Logical port provisioning information (for both ends) 

5 ATTWIP address information (for both ends) 

Routing information provisioning (for IP case r OSPF/RIP/BGP, for ATM case, 
OPSF/PNNI) 

Step 2: ATM/IP side of CAP S1 finds corresponding management NSAP address 
of CAP S2 through looking up Its address-binding table based on given ATM/IP 
1 0 management address information of CAP S2. 

If corresponding management NSAP address of CAP S2 can't be found, negative 
response is sent back to NMS. Otherwise, proceeds to Step 3. 

Step 3: ATM/IP side of CAP SI forwards provisioning information to its SONET 
side, which Includes bandwidth requirement Information and management NSAP 
15 address of CAP S2 

Step 4: SONET side of CAP SI first determines whether inter-connect bandwidth 
inside CAP is sufficient to satisfy this requirement If not, it sends negative 
response back to ATM/IP side of CAP 31, and then this negative response is 
further forwarded to NMS. 

20 Step 5: tf inter-connect bandwidth can accommodate this, based on established 

SONET topology, SONET side of CAP SI finds out the path to reach SONET side 
of CAP S2, it also finds out its egress ports it can use to reach CAP 32. If it can't, 
il sends negative response back to ATMfl P side of CAP 31 . and then this negative 
response is further forwarded to NMS. 

25 Step 6. Then SONET side of CAP 31 determines that for any of identified a grass. 

port, whether egress port bandwidth Is sufficient to satisfy this requirement. If not, 
it sends negative response back to ATMflP side of CAP S1 , and then this response 
is further forwarded to NMS. 



( 49 ) 



#HB2 001-160840 



Cao3 27 

Stop 7: If its ogress port bandwidth can accommodate this requirement, based on 
identified path Information, SONET side of CAP S1 reserves certain STS-1 slot* 
and initiates the signaling message flow and sends *rt to next node and waits for 
response from next node. The message includes path Irrfbrmatlon and reserved 
5 STS-1 slots Information. 

(Assuming source/explicit routing ts used) 

Step 8: If response received from next node is positive, SONET side of CAP S1 
provisions corresponding cross-connects, and sends physical provisioning 
Information through proprietary signaling to ATWIP side of CAP SI. Then ATM/IP 
10 side will provision corresponding tributary, including physical layer, logic link layer 

and ATWIP layer, then initiates routing stack. Then positive response is sent back 
to NMS (Nevis in this case). 

If response received from next node is negative, SONET side of CAP S1 cancels 
STS-1 slot reservation, then sends negative response back to ATM/IP side of CAP 
15 S1, and then this negative response is further forwarded to NMS. 

Using a distributed resource management approach, each CAP node has 
the ijMo-date transport network topology and each CAP collects the performance 
monitoring Information. Based on the above information, it makes a decision by 
itself as to whether a link's bandwidth should be adjusted Each CAP also 

20 establishes the path based on routing table-lookup; makes the decision to re- 
adjust the bandwidth for each established tributary based on performance 
monitoring, and exchanges the bandwidth aOocaticWde-allocation tfamation with 
other nodes along the path through Convergence Protocol Processes 2 and 3, as 
described above. Referring to Figure 12, the system 1200 includes a network 

25 management system 1202, first and second users 1204 and 1206 that are 
respectively connected to ATM/IP networks 1208 and 1210. Routers R1 through 
R4 connect users 1204 and 1206 through the ATM/IP networks 1208 and 1210 to 
CAPs 121 2 and 121 4, respectively, which provide access to the transport facilities 
of the SONET/SDH system 1216. 
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Such a bandwidth allocation process will be described below with reference 
to the scenario diagram of Figure 13 in which: 

Step 1: NMS sends physical path provisioning information to ATM/IP side of CAP1 , 
which includes the following information: (assuming through QUI interface) 

5 Management ATM/IP address of CAP2 

Bandwidth required: in this example, assuming OC-3C 

Logical link layer provisioning information On IP case. Frame-relay or PPP 
provisioning information) for both ends 

Logical port provisioning information (for both ends) 

10 ATKVIP address information (for both ends) 

Routing Information provisioning (for. IP case, OSPF/RIP/BGP, for ATM case. 
OPSF/PNNI) 

Stop 2: ATM/IP side of CAP1 finds corresponding management NSAP address o* 
CAP S2 through looking up its address-binding table based on given 
1 5 ATM/IP management address information of CAP2. 

If corresponding management NSAP address of CAP2 can't be found, negative 
response is sent back to NMS. Otherwise, proceeds to Step 3. 

Step 3: ATM/IP side of CAP 1 forwards provisioning information to its SONET side, 
which includes bandwidth requirement information and management NSAP 
20 address of CAP2 

Step 4: SONET side of CAP1 first determines whether Inter-conned bandwidth 
inside CAP is sufficient to satisfy this requirement, tf not. It sends negative 
response back to ATM/IP side of CAP1, and then this negative response is 
further forwarded to NMS. 

25 Step 5: If inter-connect bandwidth can accommodate this, based on established 

SONET topology. SONET side of CAP1 finds out the path to reach SONET 
side of CAP2, il also finds out its egress ports it can use to reach CAP2. If 
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it can't. It send* negative response back to ATM/IP side of CAP1. and then 
this negative response Is further forwarded to NMS. 

Step 6. Then SONET side of CAFM determines that for any of identified e^ess port, 
whether egress port bandwidth is sufficient to satisfy this requirement If 
not, it sends negative response back to ATM/IP side of CAP1, and then this 
response is further forwarded to NMS. 

Step 7: If its egress port bandwidth can accommodate this requirement, based on 
identified path information, SONET side of CAP1 reserves certain STS-1 
slots and initiates the signaling message flow and sends it to next node and 
warts for response from next node. The message includes path information 
and reserved STS-1 slots information. 

(Assuming source/explicit routing is used) 

Step 8: If response received from next node is positive, SONET side of CAP1 
provisions corresponding cross-connects, and sends physical provisioning 
information through proprietary signaling to ATM/IP side of CAP1. Then 
ATMflP side wil provision corresponding trfoutary, including physical layer, 
logic link layer and ATM/IP layer, then Initiates routing stack. Then positive 
response is sent back to NMS (Navis in this case). 

If response received from next node is negative, SONET side of CAP1 
cancels STS-1 slot reservation, then sends negative response back to ATM/IP 
side of CAP1, and then this negative response is further forwarded to NMS in 
steps 9 through 11. 

In another illustrative embodiment in accordance with the principles of the 
present invention, network employs protocol-driven resource management With 
this approach, a bandwidth reservation protocol such as CRLOP or RSVP etc. 
may be used to trigger bandwidth allocation. As previously described, these 
protocols embody implicit bandwidth requirement (to support the corresponding 
QoS) and explicit path information. Based on a Connection Admission Control 
algorithm, the entry CAP node will convert the implicit bandwidth requirement into 
equivalent bandwidth, then exchange bandwidth allocation/de-aJlocation 
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information with other nodes along the path as indicated in the incoming protocol 
message. 

The flowchart of Figure 14 illustrates the process of initializing, establishing 
a CAP path and dynamically allocating bandwidth in accordance with the 
5 principles of the present invention. The de-allocation of bandwidth in accordance 
with the principles of the present invention is also Illustrated in the flowchart In 
step 1400 the process begins and proceeds to step 1402 where nodes employing 
the convergence protocol are initialized. The initialization includes the running of 
both OSI stack and TCP/IP stack in CAPs and the running of OSI stack in CIPs. 

10 The process proceeds from step 1402 to step 1404 where network nodes follow 
a process of auto-discovery as previously described in greater detail in the above 
section entitled, "IS-IS based topology auto-discovery*. Following step 1404 the 
process proceeds to step 1406 where each CAP pair establishes a logical path 
between themselves. This logical path establishment may entail the flooding of 

15 a CAP'S IP address information to other CAPs employing a label switched path 
variable length field The logical path establishment process is described in 
greater detail in the above section entitled "CAP path establishment". 

From step 1406 the process proceeds to step 1406 where a receiving node 
responds to the reception of a IS-IS label switched path message in accordance 

20 with the principles of the present Invention by treating it in a conventional manner 
if the receiving node is a CIP. A CAP will, additionally, refresh its routing table, 
based on the incoming information. This process is discussed in greater detail in 
relation to Figure 7. From step 1406 the process proceeds to step 1410 where a 
CAP establshes an address binding table and obtains the path information 

25 necessary to reach other CAPs. This process is discussed in greater detail in 
relation to "Process 1\ described above. From step 1410 the process proceeds 
to step 1412 where a node passes a convergence protocol bandwidth allocation 
message node to node until it reaches the destination CAP. In step 1414 the 
bandwidth along the path is allocated, if available. The processes of steps 1 41 2 

30 and 1414 are described in greater detail in the discussion of "Process 2", 
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described above. At soma point .there may be a need for bandwidth de-allocation 
and, in that case, the process would proceed to step 1 41 6 where a node passes 
a convergence protocol bandwidth de-allocation message, node to node, until the 
destination CAP is reached. In step 1418 the bandwidth is deallocated, as 
5 appropriate. The processes of steps 1416 and 1418 are described In greater detail 
In the discussion of -Process 3", described above. The overall process may 
proceed to END In step 1420, for example, during maintenance or installation 
operations, for example. 

The foregoing description of specific embodiments of the invention has 

1 0 been presented for the purposes of illustration and description. It is-not 
intended to be exhaustive or to limit the invention to the precise forms 
disclosed, and many modifications and variations are possible in light of the 
above teachings. The embodiments were chosen and described to best explain 
the principles of the invention and its practical application, and to thereby 

15 enable others skilled in the art to best utilize the invention. It is intended that 
the scope of the invention be limited only by the claims appended hereto. What 
is claimed is: 
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A telecommunications system includes a convergence protocol that 
provides direct inter-layer communications between nodes within the network. The 
5 transport layer of one network node may communicate directly with the service 
layer of another network node. The service layer may be configured as an internet 
protocol (IP) layer, which may employ asynchronous transfer mode switching, and 
the transport layer may be a SONET transport layer. Each of the nodes that runs 
the convergence protocol may be a telecommunications element such as an add- 
1 0 drop-multiplexer (ADM) or a digital cross connect SONET bandwidth provisioning 
may be accomplished through the inter-element, inter-layer communications of the 
convergence protocol. 



2 Reprtstotatir* Braving 
Fi&ort I 



